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One Volume, 8vo. Price 5s. in Boards. 

4. The llifiory oS the Second Ten Years of the Reign of 
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ment, m 1770, to the End of the Laft Seflion of the Four¬ 
teenth Parliament of Great Britain, in 1780. 8vo. Price 
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f)on. 
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fuhfcribed to the Petition j the Petition of ^Varren liaf- 
fnigt, Efq, Governor General, and of Pbiiip Frafrcisy and 
£dxuard PFbeler^ Efqrs. Counfcllors for the Government 
©f the Piefidency of FortWil/lam in Bengal; and the Peti¬ 
tion of the United Company of Merchants of England trad-, 
ing to the Eaft Indies, were feverally referred. Alio, 

The Reports of the Sele6l and Secret Committees 
-appointed the Houfe of Commons, afltmbled at Weft- 
minfter, in* the Fifth and Sixth Seflions of the Thirteenth 
Parliament of Great Britain, to inquire into the State, 
Nature, and Conditionof the F/aft India Company, and of 
the Britifli Affairs m the Ealb Indies. Four Vols. Fol. Pi ice 
iit half bound. 

Thefe Reports, with the Ap/endixes, containing 
the Original Papers referred to in the Pioceedings of the Com¬ 
mittees, form the Aioft authentic Hiftory of the Laft-lndia 
Company’s Affairs, from the Commencement of Lord 
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lorsand Members of the faid Committee, of the Settlement 
©f Fort St. George, on «he Coaft of Coromandel, in the 
Halt Indies. In One VoluTOt Folio, Fiict iL he. 6d« 




OF BITUMENS AND CHARCOAU 


T he analyfes of pitcoal and of 

difFercnc woods, nnenrioned in 

, • ^ 

rhe laft Fflay, may fcFVe^ inftances 
of the produfts obtainable hy diftil- 
lation from bituminous and vege¬ 
table fubftances in gent.al. They 
all of them yield water impregriared 
with an acid, and often alfo with a 
volatile alkaline falt,^ air, oils of dif- 

V 

fcrent colours, weights, and confift- - 
ences, and a black coaly r^duum. 
The bitumcas generally tak^ notice; 

•VOL. III. .. A i of 
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« 

of by writers^ on Natural Hiftory 
are, with refpeft to their confiftence, 
either as fluid as oil, or as thick and 

tenacious as tar, or quite folid. The 
fluid bitumens arecwo. Naptha^ and 
Petroleum^ or rock-oil. Thefe are oils 
wliich differ from each other in co¬ 
lour and confiftence, and foine other 
properties; the naptha i^ale, light, 
and very inflammable; the petroleum 
is yellow, brown, or blackifli, hea¬ 
vier and lefs inflammable than nap¬ 
tha : its diflercnce from naptha is 
attributed to its containing a greater 
quantity of acid in its compofuion. 
Both’thefe oils arc found in many 
parts of the globe, eitlier floating on 
fpring; water, or dripping from the 
Crevices of rocks. Mineral pitch is 
U bitumen which differs from petro¬ 
leum in being thicker, heavier, 

and 


2 
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and more glutinous; it was formerly* 
found in the environs of Babylon, and 
conftituted, according to Vitruvius,, 
when mixed with lime, the cement 
which was ufed in building the walls 
of that city. At prefent it is met 
\vith in feveral parts of Europe, and 
in America, where it drips from 
rocks, and is called by us Barbndces 

4 

tar: ic has a very ofFenfive fmell, 
and great tenacity, and is called 
by the inhabitants of Auvergne, in 
France, where it exudes from the 
earth, and fticks to the feet, devils 
durg. 1 he AJphaltum^ or "Jews pitchy 
is a bitumen much refembling mine¬ 
ral pitch j it is thrown up in a liquid 
form from the bottom of the lake 
where Sodom and Gomorrah /i:ood, 
orherv/ife called th^ Deaa the 

lake Ajphaltes^ from a Gre^k word 

A 2 denoting 
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denoting a bitumen. This lake in the 
time of Efdras yielded Bitumen— re- 
member what Jdid to Sodom and Gomor-- 
raby whofe land lieth in clods of pitcb'^ • 
The bitumen floating upon the fur- 
face of the fait water, is condenfed by 
the heat of the fun into a folid form, 
and is gathered by the Arabs on the 
Ihore where it is thrown^ It is faid 
to be the fame fubflance which the 


Egyptians ufed in embalming their 
mummies, and it was called by them 


mumia mineralis,^ This bitumen has 

♦ 

been found in many places of Afia 
and Europe, as well as on the Chores 
of the Dead Sea 5 all that we meet 


with in the fhops, is either an arti¬ 
ficial corapofition, or an European 
afphaltum, the Eaftcrn ones being 
feldom brought into Europe,* but 

ufed 


^ £fd. 2m C. 2m 

7 Hiflclquift’s Voy. p. 285. 
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ufed by the natives either as pitch 
for their fliips, or as an ingredient^ 
in varnilliing, or dying wool. 

There is a vq*y curious experi¬ 
ment which illuftrates the relation 
which thefe four bitumens bear to 
each other. The mod tranfparcnt 
oil of turpentine, refembling nap¬ 
tha, may be changed into an oil re- 
fembling petroleum, by mixing it 
with a fma*!! portion of the acid of 
vitriol i with a larger proportion of 
the acid, the mixture becomes black 
and tenacious, like Barbadoes tar; 
and the proportions of the ingre¬ 
dients may be lb adjufted, 'that the 
fixture will acquire a folid.confift- 
ence, like afphaltum. Thistexperi¬ 
ment teaches us to concliilde , that 

• 4, 'V' / 

naptha, petroleum, Barbad^es 

A J 


and afphaltum, differ c! 
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each other, with refpefl: to the qmn- 
^tity of acid which enters into their 
connpofitiah; and the fubftances pro¬ 
cured by diftilling pitcoal^ or refi- 
nous vegetables, may furnilh no im¬ 
probable conjecture concerning the 
origin of thefe bitumens. 

Let us fuppofe then a fubterra- 
neous fire to be fituateS in or near 
a ftratum of pitcoal, of turf, of 
foflil wood, or of any other fuch 
bituminous matter; it Is manifed 
that the inflammable air, and the dif¬ 
ferent kinds of oils, which were col-, 
lecled by diftilling fmall portions of 
thefe fubftances, v/ould be elevated 
V by the heat into the crevices of the 
fuperincumbent ftrata; the light and 
pale oil would be a fort of naptha, 
or petroleum, the black and tena- 
cious oil would be a Barbacloes tar, 

and 
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V 

and this might be fo dried by the • 
heat as to become an alphaltum. 
The oils not being mifcible witif : 
water, would be found floating upon-, 
its furface, as it iflued out of the 
bov/els of the earth, and being very 
inflammable, might conftitute burn** 
ing wells, fuch as have been met 
with near Wigan, at Brofely, and in 
many other places : or where the oil 
did not nreet with water, or was too 
heavy to float on it, we may conceive 
that it would impregnate the porous 
ftrata of feveral kinds of ftones and 
earth. It has been obferved in another 
place,* that they formerly obtained a 
fort of tar, from a ftone.at Brofely; 
and the fl:ratum, which is called 
in Derbyfliire,is fo ftrongly im¬ 
pregnated with oil, that it^Will burn 

A 4 I of 
f Vol.II. p, 3:j.7. 
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of itfelf, when feton fire; the work¬ 
men in digging through the black 
ftone, which is incumbent on the 
lhale, fometimes meet with cavities 
containing a thick black oil, which 
has oozed out of the furrounding 
ftone. One ofthe greateft Joughs, or 
fubterraneous paffages, which has, 
perhaps, ever been formed in Great 
Britain, is that which is called Hell- 
car fough, in Derbyfiiire t this fough 
is driven through a ftratum of ftiale, 
and the workmen are much troubled 
with inflammable air, which general¬ 
ly breaks into the fough, through the 
fame crannies which give paflage to 
little ftreams of water: they fecurc 
themfelvcs from the air, by keeping 
great fans conftantly in motion j for 
the inflammable air, being lighter 
than common air, floats near the roof- 

of 



of the fough, and being drawn down 
from thence, and mixed with the 
common air by 4he motion of the 
fans,, it is circulated in, the fough 
without danger. I am fenfible that 
inflammable air rriay be produced by 
various other ways, as well as by the 
application of heat, to bituminous 
ftrata ; but as bitumens do yield in¬ 
flammable ait by dillillatlon, it is 
probable enough, that fuch as is met 
with in bituminous ftrata, may fome- 
times, at leafl:, be referred to the 
aftion of a fire, Ctuated, perhaps, at 
too great a diftance from the furface 
of the earth, to produce any other' 
fenfible efFeft^ 4 

In the Duchy of Modena io Italy, 

1 

there is a remarkable rock,< which 
confimis very much the nation of 
oils and pitchy fubftances bJng ie> 

jparated 
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par&ted from bitumens by a kind of 
liAtcrraneous diftillation. The in¬ 
habitants of the diftria, by piercing 
the fides of this rock, at different 
diftancies frdm its fummitj obtain 
'oils of different natures, thickening 
and growing heavier and deeper 
coloured, as the canals through 
which they flow approach to the fur- 
face of the earth j at* the dillance of 
a few feet below the furface, they 
find a very thick oil, which in dig¬ 
ging deeper becomes foft as butter, 
and at ftill a greater depth, it is 
found to be as folid as pitch* 
Befides/)z/r^/2/ and qfpbaUumy there 
are three other folid bitumens which 
dcferve to be mentioned— Jet — 
jlmber^^Ambergris, Jet fo much 

refembles cannel-coal in its colour, 
lA its hardnei^^ in its receiving a 

polilh. 
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the iu!get» 

when rubbed upon it, and m eipHr 

properties, that many authors eorf- 

found the two fub/lances together; 

and indeed they agree in fo many 

qualities that it is fomewhat difficult 

to fay in what they difagree. Jet, 

however, when warmed by friftion, 

has the property of attrafting bits 

of ftraw, feathers, and other light 

bodies; buf I never obferved this 

property in any of the cannel-coals 

which I have tried. This property, 

if it may be generally relied on, as 

appertaining to jet, and not to can- 

nel-coal, is a very eafy charafileriftic, 

by which thefe fubftances ^y be 

diftinguifiicd from each other# Jet 

is faid to be found only in fnfall de* 

tached pieces, and that it is ^ereby 
• /* ^ * 

diilinguilhable from cannd-coal, 

I which 


polllli) in its not foiling 
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>^liich is found in large beds. Sonne' 
^|ik that the wood^fibrous tiffue , 
oFjctjttnay ferve to diftinguifh it 
from cannei-coal, but whoever ex- 
amines large quantities of this kind 
of coal, will fee many pieces which 
much refcmble wood in texture^ 
The weight of a cubic foot of can- 
nel-coal is 1273 ounces; a cubic foot 

of jet is faid by one author to weigh 

' * 

1.238,'^* by another 1 1 85 ounces f 
The natural hiftory of Amber is 
very obfeure. This bitumen was 
for a long time thought to be re- 
ftrifted to the Coafts of Pruffia, on 

f 

the Baltic Sea.* It was fuppofed to 
owe its origin to the exudations of 
certain trees on the coaft of Sweden, 
which falling into the fea, were there 
hardened by the continual adtion of 
1 the 

* Martin, f Lewis, Newm, Chem. 
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‘the falts, and thence carried by par-- 
ticular winds to the open coafts of 
Pfiiffia. This opinion was fupported 
by, and forfned to account for, the 
.ants, flies, fpiders, Iteaves of trees, 
and other terreftrial matters, which 
are almoft always found inclofed in 
pieces of amber, and which no doubt 
muft be admittied, as proving itsjDC- 
ing originally in a fluid ftace. In 
PrulTia they not only gather amber 
on the fca coafl:, but they frequently 
‘ find it at the depth of eight or ten 
feet beneath the furface of the earth, 
but at nt%reat diftance from the lea# 
The fuperincumbent ftrata are/and, 
clay, foflil'wood, pyrites, fand ^gam, 
in which the amberris found, |)nic- 
times in detached pieces, fom^imea 
in little heaps. This diftribu^onof 
the ftrata, where amber is to- 

iether 
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gctiier with their proximity to the 
fea>. has made it with feme degree of 
probability^ be imagined^ that this 
mioerai owed its fituation to the 
inundation and receffion of the fea, 
and that it was derived partly from 
anoil arifingfrom the decompofition 
of yegetables by fubterraneous fires, 
and partly a mineral acid. 

' j ? c 

Amber is frequently found in Italy, 
^^^ere they have no foffil-wood, but 
plenty of petroleum. 

.y} Trhe natural hiftory of Ambergris is 
^.jmeertain as that of amber,unlefswe 
idmit the defeription which |^as been 
iately given of its origin, as the true 
one» We are told chat ambergris is 
a part of the €(Scbalot or Spermaceti- 
V^bak* ‘‘ It is found in this animal, 
inthephee where the fcminal veflels 

ufually fituatcdin otlier aninnals. 

It 
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It is found in a bag of three .<>r fotti/. 
feet longj inxound lumps, from one, 
to twenty pout^s weight, floating in ; 
a fluid rather thinner than pil, and,of 
a yellowifh colour. There are never 
feen more than four at a time in one^ 

... X « f i / ,J u 

of thefe bags ; and that which ^yeigh- 
cd, twenty pounds, and which was 
the largeft ever fe^n, wa$ found 
fingle. Thefe*bal!s of ambergris arc 
not found in all fifties of this kind, 
but chiefly in*the old^fl: and ftrong- 
eft.*'' This account feems probable 
enough, for ambergris is a fine per¬ 
fume, and we know that other per^; 
fumes, fuch as civet,.mu(lc, an^ caf; 
tor, are fituated in the inguinal re-, 
gions of the civet cat, the mufleani- 
raal and the beaver. f 

All vegetable,, and. bitui^qHS,^ 

and 

I . 

^ Goldfmith^ Nat. Hill. Vol. VI. aao. 
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and indeed all animal fubftancest 

* ^ ' 

leave, after tlieir volatile principles 
have been feparated by d'fftillationj 

s - % 

a black coal. Thefe coals differ fome- 
what from each'bther, with refpeft 
to their pronenefs to catch fire, and 
their ability to fupport it, but I will 
content myfelf with examining the 
nature of the refiduc, .from the dif- 
tillation of wood. 


This refidue does nctf differ from 
what is generally|;alled charcoal s the 
llighteft attention to the manner of 
obtaining this refidue, and of making 
charcoal, will convince us, that no 
difference, ought to be expefted. 
When the wood is dillilled, its com¬ 
munication with the external air is 


obftrufted, its volatile parts are ele¬ 
vated from it, by the heat to which 
it i$ expofed, and the fefidue is that 

part 
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part of the wood wluch remuns alter 
all the volatile parts are driven o£ 
In making charcoal they conftruA 
a pile of wood upon the furface of 
the ground, ihey^ cover the pile 
with a coating of turf, or other fob- 
ftances, and make the coating fo 
. compaft, that it will not adndt of 
air, except through fome little round 
holes, which’are purpofcly made in 
it, and which can be flopped at plea- 
fure. Wheit the pile, thus conftrudt- 
cd, is fet on fire, ^art of the oil of 
the wood is conSiincd during th« 
burning of the pile, the other part, 
together with the air and water con¬ 


tained in the wood, is evaporated, 
and there remains, when the opera¬ 
tion is finiflied, the earthy .part of 
the wood, called in that char- 
coal. Thus the making of diarcoal 


VOL. IJI. 
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is* a^kind of diftillatidn> for the coaN^ 
ing which furrounds the pile of 
wood, may be compared to a retort. 

Hcnckd informs us, that i5olbs. 
of oak, will produce 62lbs. of char- 
coal^i but he does not inform us 
whether the oak was dry or green^ 
whether it had its bark on or was 
peeled, whether it was all heart of 
oak, or partly heart, and partly fap, 
whether the operation of making the 
'charcoal was difeontinued as foon as 
the wood ccafed to fmoke, or pro- 
traded fome time longer; and yet a 
difference in any one of thefe circum- 
flances, will fenfibly influence the 
weight of the charcoal, procurable 
from a definite weight of wood. 

The woods which I converted into 
charcoal were dry, and had been fel- 
I * led 

* For, Satur, c, iv, p. 55. 
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led many y^ars; their relative weights® 
were taken with great exaflinefs. 
Weight of a cubic foot of 

Water — looo ayoir. ounee*. 
Box — 9JO —— 

Oak — 892 

Afli — 832 ——► 

Mahogany — 816 —r 
Walnut — 790 — 

Deal — 615 ■ » — 

Authors differ very much as to the. 
weights which they have alTigned to 
definite bults of the fame kind of 
wood. Thus, one cftimatcs the 
weight of a cubit foot of dry box at 
1030*5 another at 1201 ouncesf: 
one puts the weight of a cubic foot 
of dry oak at 925 another at 800 
ouncesll. To the more obvious 

B 2 fources 

* Cptes Hydrof. p 73. f 
Tab. p. 237. ; Cotes^ jj Emerfoi’s Meek 

P« ^ 3 ^* i 
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fources of this diverfity, in the 
weights of equal bulks of the fame 
kind of woodi—^fuch as the wood 
being green or dry, being cut from 
the boll or branch of a tree,—one 
may be added, which has not, I be¬ 
lieve, been fufficiently attended to 
—I mean the great lofs of weight 
which in certain circumftances, the 
■fame piece of wood fuftains, by a 
fimple expofure to the afmofphere, 
in the courfe of a few days. 

From the middle of a branch of 
an oak tree, which had been felled in 
Apfil, and expofed without its bark, 
to the hot fummer of 1779, I cut 
Sept. 4, a round piece,about fix inchM 
in diameter, and three in thicknefs: 
Sept. 15) 1 cut from the heart of 
this piece of (Oak x fmall ilip, 3 
inches in length, -}■ of an inch in 
4 thick- 
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• • 


thicknefs, and 79 grains in weighty 
at the fame timcj I cut a fimilar (lip 
from the fap of the fame piece, the 
weight of which alfo was 79 grains: 
thefe two pieces were pur into the 
drawer of my ftudy table, and being 
weighed again. Sept. 25, the heart 
of oak had loft 8 grains, or near tV 


of its 
grains. 


weight; the fap had loft la 
or above 4 ®f ks weight. 


Now if the weights of feveral equal 
bulks of thefe woods had been taken 


on the 15th, and on the 25th of Sep¬ 
tember, it is obvious (notwichftand- 
ing the contradion they might have 
fuffered) that there would have been 
(bme difference in them, though the 
woods theml’clves appeared equally 
dry on both days.. ? 

ThU fpeedy diminution odweight 
which wood undergoes by expofure 
. B 3 to 
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to the air, being a matter of fome 
importance in an ceconomicaj view, 

I will mention another experiment 
which I made on the fubjeft. A 
piece of Alh cut'March 17, 1780, 
from the middle of a large tree, 
which had been felled fix weeks be¬ 
fore, was accurately weighed i its 
weight was 317 grains,, its length 3 
inches, and its breadth 2. It was 
weighed again March 24, it had loft: 
in thecouffc of 7 days 62 grains, or 
near 4- of its weight. I weighed this 
lame piece of wood on the 25th of 
Auguft in the fame year, but it had 
not loft any thing of its weight, from 
the 24th of March to the 25th of 
Auguft. The two pieces of oak, 
mentioned in the laft experiment, 
ivere weighed alfo, on the 25th of 
Auguft, 17803 they had neither of 

them 
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them loft, in the courfe of efefen* 
months, quite i grain 5 hence it ap¬ 
pears, that the matter which is dif-, 
perfed from wood after it is cur, is 
foon evaporated:.this matter proba¬ 
bly conlifts chieriy of water. The 
carriage of wood, cfpecially by land, 
is very expenfive : if an oak or an 
afh tree was cut into boards, or 
fcantlings, upon the fpot where it is 
felled, there would be a faving of 
the carriage of one ton in fix or feyen 
from the evaporation of the fub- 
ftance of the wood; to fay nothing 
of chips and ocher refufe parts. 

It is well knov/n that all wood 
becomes heavier than wacer, by hav¬ 
ing the air extrafted from the pores, 
either by an air-pump, or by boiling 

it in water. The woods ^of which 

'{ 

I have given the relative^ weights, 

B 4 ; were 
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* * 

* were alJ af them rendcKd heavier 
than water, by a long continuance 
ift cold water ; for the heat of the 
water ixi which they were put^ never 
exceeded 6o degrees. They funk io 
the water after they had been foaked 
in it for different lengths of time, 
but it required above lOo days foak- 
ing before the deal would fink. After 
they bad all lain in wkter for no 
days, I took them out, and let them 
dry by the gradual heat"'of the at- 
mofphcrc for above a month; I then 
weighed them, and found that box, 
oak, and a(b, had each of them loft 
-/t of the weight they had before 
they were put into the water; but 
that mahogany, walnut, and deal, ^ 
had loft only of their weight. 
This lofs of weight is occafioned, 
partly by ihe cfcapc of fomc portion 

of 
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of air, and partly by a difTolutiofi of 
fi>me of the other principles of the 
woods; for the water, in which they 
ivere placed,, had evidently aded 
upon them, its colour and conlift* 
ejace being both changed. Molt 
woods contain both a gummy and a- 
reftnous. part; and gums being folu>' 
ble, and refins not foluble in water, 
we can have *no difficulty in appre¬ 
hending the reafon,. why fome. forts 
of wood loft a greater proportion of 
their weight, by being immerfed in 
water, and afterwards dried, than 
others. Since the fame piece of 
wood has very different weights, 
when dry and when foaked with wa.* 
ter; the covering carts, ploughs, 
and other hulbandry gear,; ufually 
made,of alh, with a .coarfeltind of 
paint which will keep.out the rain» 
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IS a praftice full as ferviceable in 
leffening the weight of the imple¬ 
ment which is to be moved by the 
ftrength of a man or a horfe, as in 
preferving the wood of which it is 
made from decay- 

I took Iquare pieces of the woods 
before mentioned, each piece being 
3 inches in length, and weighing 
exaflly 96 grains, and expofed them, 
when covered with fand, in a cru¬ 
cible, to the aftion of tlic fame fire, 
which was ftrong enough to keep 
the crncible red hot, fo^hree hours; 
they were at the end of that time, 
all of them converted into perfect 
charcoals; the weights of the refpec- 
live charcoals were taken, whilft 
they were flill warm^ from the ope¬ 
ration, and are expreffed in the fol- 
table; 


Walnut 



• • 
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Walnut 96 grs. gave 25 grs. of charcoal. 

Oak — 96 — — 22 s— 

Box — 96 — — 20 —p. 

Mahogany96 — — 2o ^ 

Afli — 96 — — ly ~— 

Deal — 96 — —* - 

There is a good reafon for remark¬ 
ing, that the charcoals were weighed 
whilPc they were warm, for In weigh¬ 
ing them a few days afterv;ards, I 
found that they had all increafed in 
weight in. confequence of fomething 
which they had attrafted from the 
atmofphere; their weights then were 
—walnut Ift—oak 24—box 23— 
mahogany 24—afh 18—deal 16-— 
grains. 

The quantities of refidiie remain¬ 
ing from the diftillation of 96 ounces 
of oak, box, and mahogany, were 
refpetlively 30, 26 aitf ijl- 

ounccs. 
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which numbers are feverally 
larger than thofe, exprefling the 
quantities of charcoal obtainable 
&om 96 parts of thofe woods; this 
difference may proceed from the 
woods> employed in the two pro- 
celTes*- being of different qualities, 
or, more probably, from the heat in 
which the charcoal was made, being, 
greater than that employed in the 
diftillation 5 for the ftronger the fire, 
the lefs is- the quantity of charcoal, 
which a definite weight of wood will 
yield. 

In making charcoal tlfe workmen 
obferve, that the pile of wood is 
fenfibly diminlibed in fize by the 
operation j this proceeds from the 
Ih^'inking' of , the wood. All the 
of wood which I charred were 
diouaifbed in all their dimenfions^ 
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the mahogany, oak, and walnut 
were the Jeafl: diminilhed; and the 
box was the mod: diminilhed s I 
thought it had loft an eighth part of 
its length. This dipihution not only 
depends upon the nature of the 
wood, but it is influenced by ^tfae 
'ftrength and continuance of the hear, 
that being moft diminiflied, which 
has fuftained*the greateft heat. 

Though charcoal, from every fort 
of wood, is*incapable of being de- 
compofed, by the ftrongeft fires in 
clofe veffelj^yet it is a compound- 
ed body, and may be decompofed 
•hy being burned in the open air. 

Van Helmont fays, that 62 pounds 
of oak charcoal will, by burnings 
yield only i lb. of white alhes. The 
other.61 pounds which aredlfperfed 
into the air, he confiders as afvapoitr 
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of %ii elafticnature, which can neither 
be coJlefted in veffels, nor reduced 
into a vifible form. This vapour he 
called by a new name, gas'^. 

Stahl is of opinion, that lolbs. of 
charcoal made from porous woods, 
fuch as fir and fallow, will not when 
burned with a very flow fire, yield 
above i lb. of alhesf; this quan¬ 
tity however, it muft be remarked, 
is above fix times the quantity aflign- 
cd by Van Helmont to oak which 
probably contains more aflies in a 
definitive weight of charcoal, than 
cither fir or fallow. 

GeofFroy, 

* Hunc Tplritum, incognitnm hadeniis, 
jftovo nomine gas, voco, qui nec vaiis cogi ncc 
in corpus viiibile rcduci potell. Van Hel.Op. 
oiJin, p, 193. Some derive gas from the Dutch 
ghoaft-fpirit; others from the German gafeht, 
a frothy ebullition. 

f StalJa Exper. Numcro CCC* p. 17. 
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G^fiVoy, from foinewhat left thafl 
34 ounces of the charcoal, remaining 
after the diftillation of the heart of 
guaiacum, got near three ounces of 

white afhes, by calcining the coal in 

• 

an open fire for 12 hours. From 
near 23^ ounces of the coal, renhain> 
ing from the diftillation of the fap 
of guaiacum, he got near 14- ounce 
of afhes. And 294 ounces of the 
coal, from the bark of guaiacum* 
gave him 134 ounces of white 
alhes*. 

Laftly, Mr. Sage aflares us that 
TOO pounds of charcoal will not* 
when burned, furniili quite 2 ounces 
of afliesf* 

Thefe accounts, it muft be ac* 

know- 

• Geoff. Mat. Med. or treatife oivforeiga 
• vcgeta. 6y Thicknefs, p. iia. 

f Exper. fur. 1 ’ Aik. Vol, fluor, pi a?. . 
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knbwfcdged, differ very mach^ as 
to'the quantity of aflies obtainable 
from a definite-weight of charcoal; 
and the difference, I'think, is much 
greater than -what can wholly be at¬ 
tributed'to the different textures of 
the fcvcral woods; a part of this 
diverfity may, probably, arifc'from a 
difference in'the manner of burning 
the charcoal. When charcoal is 
burned in fmall quantities, and in a 
flow fire,^lefs of its fubftanee will be 
difperfed into the air, than when the 
quantity is larger, and the ftream of 
air which fupports the fire, is more 
rapid. This Teems not improbable.; 
but if the weight of the aflies re¬ 
maining from the burning of a defi¬ 
nite weight of charcoal, be at all in- 
^ffoenced by the degree of fire, it 
.£;(ms reafonable to fuppofe, that 

what 
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what is driven off by the violence of 
the firCj is of the fame c^thy nature 
as that which remains when the fire 
is more moderate ; at leafl it may be 
argued, that when charcoal is burped 
with a flow fire, feme of its prin¬ 
ciples, its oi^y principle for inftance, 
though it, probably, alfo contains a 
faline one, aro more completely de- 
compofed, than when it is confumed 
with a vioieift fire, and that the de- 
compofition of thefe principles gives 
- an additional quantity of earth ©r 
fait to the aflies. 

If there be any truth fn this notion, 
we mufl: not fay>, that the 6i pounds 
of matter which, according to Van 
Helmont, are difperfed into t{ 0 air 
from 62 pounds of charcoaU| ar«: 
wholly of an eJaftic nature ; 
they conflft principally aa 

VOL. !»• ’ C at^nu- 



( 34 ) 

:3ttenuat^d earth, which being driven 
off by the 4 :urrent, of air, requifite 
for the maintenance of the fire, re¬ 
mains for a time fufpended in the at- 
TOofpherical air, without being in its 
owji nature elaftic. I would not be 
nindcrftood to fay, that the whole of 
'i^hat is diffipated, during the burn¬ 
ing of the charcoal, is can attenuated 
iCarth, fince it is certain, that the 
earth of the afhes is not<inflammable, 
and that charcoal contains fomething 
which is inflammable: it is allowed 
^a.lfo, that fimplcearth is inodorous; 
nnd it is well^ known that charcoal, 
during its inflammation, difperfes 
fomething into the air, which has a 
ftrongfincll; this fomethinghy which 
charcoaL.Js rendered inflammable, 
And trhich the air is infe< 5 ted with 
a* particular fmellj during the burn- 
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A 

•ing of the charcoal, U calkdliy moft 
ohemifts the phlogifton^. This 

c 2 phlogiftoii, 

* Phlogifton is a .conftituent part of me¬ 
tallic fubftaiices, and it fecms, when fepa- 
rated from them, to be of an jcIaiUc natttt«. 
1 diitilled zinc with Jirong acid of 
obtained a portion of fulphur^ prodiipe^J aa 
it Ihould feem, by the acid’s uniting itf^if 
with the phlogifton of the zinc* No in#dtn- 
mable vapour was^produced, till the vfulphf^r 
began to be l\jblimed; then, indeed, tllere 
efcaped a vapour, compofed, Ithink, dfthe 
attenuated parts of fulphur, which upon.the 
approach of a candle took ’ fire. Another 
portion of zinc \va^ difiilled with njueak 
of vitriol; before the zinc felt the heat of^the 
fire, the inflammable air, feparable fr^ zinc 
by a weak acid of vitriol, pafled into the 
receiver, and being fet on fire, burll it with 
a great explofion ; another receiver #as ap- 
plied, and the difiillation 'continued ^ dry- 
nefs, but not a particle of falphur |>ro- 
ducei the phlogifipn njtccfliuy for |;8 fg#’- 
xnation having, probably, been leparated 
from the zinc, by the violent adion^f the 
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phlogiitoftj whether it be an elaftic 
inflaoiniable fluids or an tinelaftic 
earth of aparticular kind, conftitutes, 
probably, bwt a ^very fmall portion 
of the weight of what is difperfed 
into the air, From burning charcoal : 
we all know what a ftrong fmell 
may be diffufed through a large 
roorn, from the ignited fnufF of a 
candle, or from a very fmall piece 
of charcoal, which hSs not been 


thoroughly burned.^ the vapours 
iffuing from thefe fubftances are of 
an oily (aline nature, and are vifible : 
the vapour .of charcoal, though it is 
too fubde to be feen, may bc^af a 


nature.fomewhat ftniilar, and capa- 



■acid, and confunned at once by th« indam* 
station* May it not, from the comparifon 
of thefe eiF^dments, he conjectured, that the 
phlogi^^ of metals u aa ela^ic inflamma- 



bic pf a very cxtenfive diffufioa 
through the air. An infauc has been 
known fuddenJy to expire, from the 
ftnoke of a candle blowij out under 
its nofe, and the i^apour of charcoal 
is moft dangerous, when the charcoal* 
has not been thoroughly burnt. 

It has been found by experiment, 
that the coqrimon atmofpherical air 
is much altered in its properties, by 
being mad^ to pafs through red hot 
charcoal, into the vacuum of an air- 
pump $ it then exiinguiflies the flame 
of a candle, and animals die in it'^« 
A fimilar change takes place, when 
charcoal is confumed in an apart¬ 
ment, which has not a fufEciept fup- 
ply of frefh air; the inilances of per- 
fons who have unhappily Joif their 

• ’ Iv- 

lives in fuch air, are very con|mon in , 

c 3 ■.. I 'ail* 

^ Hauklbw^s Ex per; p. 

* A ^ 4 * •« ♦ 
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all countries, where much ufe Ts 
made of charcoal; but efpecially in 
RulTia, where their apartments are 
heated by «vehs, containing red hot 
charcoal*. The‘'change which the 
atfnofpherical air Undergoes, from 
the burning of charcoal, may pro^ 
ceed either from the air, having loll 
fome of its conftiruent parts in com¬ 
ing in contaft with the burning char¬ 
coal, or from its having gained 
fomething from thecharcoal, or frOm 
its having done both at the fame 
time; juft as water, which paffes 
through a Jump of fait or fugar, lofes 

a great 

O' 

^ Philof. Tranf. 1779, p. 32^—Where 
there is mention made of the Rufiian method 
of recoverin^pcrlbns who have been rendered 
fenfelefft by the vapour of the charcoal; it 
confiils in carrying the perfon into the open 
air, rubbing hi with fnow or cold water, aad 
pouring vvato or milk down his throat. 
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z great part of the air it contains m 
its natural ftate^ and gains a portion 
of the fait, which becomes difiblyed 
in it, and upon both accounts fufFera 
a change of its properties. 

It is generally admitted,that char¬ 
coal and all other bodies, nitrbun 
ones excepted, ccafe to burn, as foon? 
as they ceafs to be fupplied with 
irefli air, and the air has, chiefly oi> 
this accouiy:, been thought to com¬ 
municate fomething to the fire, by" 
which the fire was maintained, and 
the air was confuraed. And this* 
opinion has been confirmed by ob- 
ferving, that a definite quantity of 
air v/as much diminiflied in bullc by 
bodies being burned in it. Thus,, 
if lo cubic inches of air be made to^ 
pafs Ihrough red hot charcoak they 
be reduced to nine, an(^' there-.* 


are 



«e memt of making the diminution 
IHli Igitatert 

IN'. Hooke advances another hy- 
; he allows air to be necef- 
fary to'the fupport of fire, but he 
thinks that it contributes to this fup- 
porc> not by imparting any thing of 
its own fubfiance to the fire, but by 
Hjfohmg the inflammable principle 
of bodies, as water difiblves faks * : 
according to the formetchypothefisj 
air is the feed j according to this, it is 
the receptacle or Jdvent of fire. 

Dr. Prieftley, to whole inventive 
genius and indefatigable indufiry the 

philo- 

* Hooke’s Mlcogr. p, 103. and Pofthiinio 
Worksi p. 169* Juncker feems to have en- 
tertalned a fimilar notion—ingens aeris quan * 
titas requiritur ad dljfol’vendas et reclpiendas 
ignitas illas et ultit% motu attenuatas parti- 
cuks, unde nili fat aeris fit extinguitur ignis, 
Junck* Conf. thcmi Vol, I, p; 157. 
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philofophic world is pecuirarly^ 
debted for his incpsiries 
txjte of fitSitious airs, hSs n^bfefvtd^ 
that common air is ditttfnifhcdone 
fifth by the fnmcs'of burning char-* 
coal y and this diminution, he 

is fomc how or'other cflfeiteif by the 

>» 

air being highly charged with the 
phlogifton of the charcoal ^ and be 

4 

obferves, which agrees very wll with 
Dr. Hoolce’c hypothelis, that whe^ir 
any definite quantity of air is fully, 
faturated with phlogiRon from diar<« 
coal, no heat that he had ever ap*- 
plied was able to produce any more 
effed upon the charcoal*. 

Though common air is dtminified 
in bulk by the fumes of burning char¬ 
coal, and of other bo(&s in a ftaie of 

- 1 ^ 

# '^4 

combullion, yet a bottle or a bladder 

4^cd 

* Philof, Trauf, 1772, pi 225-—230. | 
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fiHed with this diminillied air, weight' 
kfs than when it is filled with com¬ 
mon air*, in the proportion of 183 
to 185. That 5 cubic inches of 
common air Ihould be reduced by: 
the fumes of burning charcoal to ^ 
cubic inches, and that thefe 4 cubic 
inches of infcfted air Ihould weigh 
lefs than 4 cubic inches of common- 
air, cannot well be accounted for 
without admitting, that a part of the 
5 cubic inches of atmofpherical air 
has been, by fome means or other^. 
taken away, at the fame tin^e that its 
bulk was reduced to 4 cubic inches* 
Being defirous of feeing, whether 
the property I had obferved in char¬ 
coal, with refped to ks weighing lefs 
when it was quite cold, than when 
it was warm ftom the hrc in which 


* Pricil. Egsp, and Ob. Vol, Ih p. 94. 
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It had been made, was a general pro¬ 
perty appertaining to all hot and 
cold charcoal, I weighed fevcral 
pieces when they were cold, and 
again, when they were fo hot as to be 
handled with difficulty, and found 
that they all loft (they were of the 
fame kind of wood) about i part in 
T2 of their weight, and that being 
left to cool in the open air, they re¬ 
gained whaif they had loft in a few 
days. This acquifiiion of weight 
was made moft rapidly at firft: a 
piece which weighed 240 grains 
when cold, was reduced by being 
heated, to 220 grains,, and being left 
to cool, it gained 9 grains in 4 hours, 
and 15 grains in 8 hours. From^the 
manner in which charcoal is made, 
it is probable that what remain^lad- 
• herent ta tlic woodj is not grtfetly 

difFct’ent 
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from what is forced from 
kby thelaft degree of heat; how 
this coniills of an acidr and an oil 
rendered thick and pitchy by its 
union with an acid; may we not 
hence fuppofif, that it is a-portion of 
fixed acid* which attVafts the humi¬ 
dity of the air^ or perhapa the air it- 
felf, when the charcc^l is bot^ and 
becomes faturated therewith,, and 
that what was attraftedis again dri¬ 
ven off^ when the charcoal is again 
heated y and thus the charcoal be* 
comes again capable of exerting its 
attradion, and acquiring an increafe 
©fwci|ht f It is fome confirmation 
of this bypothefis, that charcoal, 
when taken out of hot fand, takes 
fire upon expofure to the air, and 
for much the fame rcafon, probably, 
that Hombcfg*s pyroghorua takes 

fire 

w 
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‘fire in thr open air*. GuaiacuiH 
contains a ftronger acid than moft 
kinds of wood; and Geoffrey has 
obfcrve^ that the coal of guaU* 
cum being taken dut of the retort® 
and expofed to the ar, even two or 
three days after the procefs. Cakes 
fire immediately of its own accord 4 

. pro- 


♦ Homberg’s Pyrophorus m known to 
every fchool-boy. It is made by calcining 
Together for a proper time, and in proper 
quantities, either alum or any fait containing 
the vitriolic acid, with honey, fugar, flour, or 


any animal er vegetable fubiftance, capable 
of being reduced to a coal. Part of the vi^ 


triolic acid being uncombined wit^ thephlo- 
gifton of the coal, and being in a dry con- 


denfed flatc, attraefs the humidity of die at- 


mofphcre, and generates fuch a degree of heat 
.by its mixture with water, as is fttfficknt to 
Inflame the other part of the pyrophorug. Py- 
rophorl may be made withoutthevitriolic acid, 
but fome acid probably enters into theil com- 
poiltion* J 
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previded, that when the diftilUfion 
is over, the neck of the retort, be 
» carefully flopped, and the vcflcls and 
furnace be left to cool of them- 
fclves*,” * 

This property of increafing in 
weight by expofure ‘to the air, be¬ 
longs to the hot coal of pitcoal, as 
well as to that of wpod. I took 
feme red hot cinders, and weighing 
them in that ftate, left them to cool 5 
in 12 hours they had gained one 
75th part in weight, and in 4 days 
they had gained one thirtieth of 
their weight. Some coak which had 
been burned with a ftrong fire, 
gained much lefs than the cinders. 

It has been obferved in another 
place, that charcoal may be decom- 
pofed, by being diftilled with the 

acid 

’’J Trmfe%n Pbreiga Veget. pt 11 
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^cid of vitriol* 5 this acid robs tli^ 
charcoal of its inflammable prlncip!^ 
and reduces it to an earth : no other 
menftruum feems to have any adion 
upon it. What alteration might be 
produced in charcoal, by quenching 
it when red hot, in various menilru- 
ums, or by boiling it in them, or by 
keeping it immeefed in them, when 
cold, for a long time, or by other 
lefs obvious procelTes, it docs not 
fall within my defign to inquire. 

Animals and vegetables arc foon 
reduced by putrefadion to earth 5 
many forts of ftones and metallic 
fubfliances are crumbled into duft by 
the adtion of air and water; but char¬ 
coal remains unchanged for ageSj 
whether it be expofed to the or 
imrnerfed in water, or buried §1 tbe 
^earth. The beams of the^^eatri^ 

* VqI. L p. 175* 
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ii JlereiiiaHatm were-convened into 
chsu’coai b]7 the Lava, which over¬ 
flowed thAt :Ci^; and during the 
■li^c of above feventeen centu¬ 
ries the chaiooal ‘has 'remained as 
intire as if it had been formed but 
^teiberdajr^ and it will probably con« 
tiflue lb to the end of the world. 
This incorruptibility, as it may be 
(Called, of Charcoal, has been known 
;il) the moft dillant ages ^ for it has 
•been obfcrved,that the famous temple 
•of Ephefus was built upon wooden 
piles which had beea^.charred on the 
outfide. The cuftofti of charring 
>the ends of polls, which are to be 
fixed in the earth, is very common } 
.and I have often wondered that the 
^me cuftom has not prevailed with 
xelpeA to the wood ufed in mines 

‘.and fubtetraneous drains* The tim¬ 
bers 
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bers which fupport;, in manjr pIlK:cs, 
the roof of the foughs dirot^h 
which there is a current water^ 
are wafted away in a few years, that 
part of them eipectally which is ex« 
pofed to the alternatives of raoifture 
and drynefs by the riftng and falling 
of the water is foon rotted, and this 
part one would thii^ would be char* 
red with great advantage. 


ni. 


vot, 
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ESSAY 11. 


OF THE QlJANTfTV OF WATER EVA¬ 
PORATED FROM the SURFACE OF 
THE EARTH IN HOT WEATHER, 


T here are many operations 
conftantly carrying on by na¬ 
tural means, which, though they 
cfcape the ordinary obfervation of 
our fenfes, fufficiently excite our af- 
tonilhment, when once difcovered. 
The vaft quantity of a parcfcular 

kind of air, with which the itmo- 

• ' 

fphere is daily- impregnated, from 

. the CMibullion of all forts of fticl, is 

» 


D 2 


one 
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one inftance of this kind; and the 
water which is railed into the atmo- 
fphere from the furface of the earth, 
is another. Who would have con- 
jedured, that an acre of ground, 
even after having been parched by 
the heat of the fun in fummer, dif- 
perfed into the air above 1600 gal¬ 
lons of water in the fpacc of twelve 
of the hotteft hours of the day ? No 
vapour is feen to afeend, and we 
little fuppofc that in the hotteft part 

of the day, more ufually docs afeend 

than in any other. The experiment 

frpm which I draw this conclufion, 

is fo cafy to be made, that every one 

may fatisfy himfelf of the truth of it. 

On the 2d of June, 1779, when the 

fun Ihone bright and hot, I put a 

large drinking glafs,.with its mouth 

downwards, uppn. a grafs^pUt which. 

• * 
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was mown clofc; there had been no 
rain for above a month, and the 
grafs was become brown; in lefs 
than two minutes the inllde of the 
glafs was clouded with a vapour, 
and in half an hour drops of water 
began to trickle down its inllde, in 
various places. This experiment 
was repeated' feveral times with the 
fame fucccfs. 

That I might accurately eftimate 
the quantity, thus raifed, in any cer¬ 
tain portion of time, I meafured the 
area of the mouth of the glafs, and 
found it to be ao fquare inches: 
there are 1296 fquare inches in a 
fquare yard, and 4840 (quar^l yards 
in a ftatute acre; hence, if fee can 
hnd the theans of meafuring the 
quantity of vapour raifed from 20 
fq,uare inches of earth, fup^fc in 

D 3 one 
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t 

one quarter.of an hour, it will be ao 
cafy matter to calculate the quantity 
which would be raifed with the fame 
degree of heat, from an acre in 12 
hours. The meriiod I took to mea- 
ftire the quantity of vapour, was not 
perhaps the moft accurate which 
might be thought of, but it was fim- 
pie and cafy to be praftifed : when 
the glafs had ftood on the grafs plat 
one quarter of an ho^r, and had 
collefted a quantity of vapour, I 
wiped its infide with a piece of muf- 
lin, the weight of which had been 
previoufly taken; as foon as the 
glafs was wiped dry, the muflin was 
weighed again, its incrcafe of weight 
Ihewcd the quantity of vapour which 
had been collcftcd. The medium 
incrcafe of weight, from fevcral ex¬ 
periments made on the fame day, 

between 
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between 12 and 3 o^clock, was 6* 
grains collefted in one quarter of an' 
hour, from 20 fquare inches of 
earth. If the reader takes the trou-^ 
ble to make the calculation, he will 
find that above 1600 gallons, reck¬ 
oning 8 pints to a gallon^ and efti-^ 
mating the weight of a pint of wa¬ 
ter at one gound avoirdupois, or 
7000 grains troy weight, would be 
raifcd, at the rate here mentioned, 
from an acre of ground in 24 hours. 

It may eafily be conceived, that 
the quantity thus elevated will be 
greater when the ground has been 
well leaked with rain, provided the 
heat be the fame; I did not happen 
to mark the heat of the ground when 
I made the fore-mentioned ^peri- 
ments ; the two following arc more 
circumftantial: the ground had been 

» 4 wet- 
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vetted the dajr before I made them 
by a thender ibower, the heat of the 
earth, at the time of makiog them, 
eftimated by a thermometer laid on 
the graft, was 96 degrees j one ex¬ 
periment gave 1973 gallons from 
an acre in la hours,'the other gave 
3905. Another experiment made, 
when there had been no rain for a 

c 

week, and the heat of the earth was 
1 to degrees, gave aftei’ the rate of 
9^00 gallons from an acre in 12 
hours i the earth was hotter than the 
air, as jt was expofed to the redec- 
rioa of the fun’s rays from a brick 
wall. 

The heat in Bengal in the fummer 
months is vari^Ic, in the (hade from 
to 120 degrees*^, and in the fun 
k probably docs not fall fliort of 
. 140 

* jPhilof. Tranf. 176,7, page 2*85 and f't*: 
%|fer J77S, p. 201. 
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t40 degrees j hence, after the eartli 
has been well drenched by the ove]> 
flowing of the Ganges, innmenfe 
quantities of vapours mud; be daily 
raifed, to the amobnt, perhaps, of 
live or Six thoufand gallons fi’om an 
acre, in twenty-four hours. The 
rainy feafon in Bengal lads from the 
beginning of June to the middle of 
Ofbober; all thisintervalisconlidered 
as an unhealthy time, but efpecially 
the latter part of it, for then the 
earth begins to grow dry, the flime 
left upon its furface, conllfting of 
. decayed vegetables and other putrefy 
cent bodies, begins to corrupt and 
the fun, by its violent and continued 
ad ion, raifes up into the air not a 
pure water, but water impregnated 
with putrid particles of all kinds. 

Whether a merely motfl: ^uacion 

\ be 
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be unwholefome, may be much 
queftioned s but that moifture arifing 
from earth or water in a ftate of pu¬ 
trefaction is fo, cannot well be 
doubted. The \)verflowing of the 
Nile puts a ftop to the plague in 
Egypt^ infomuch, probably, as it puts 
a ftop to the putrefaction of the ca¬ 
nals of Grand Cairo and other places. 
Agues and putrid fevers are much 
more frequent in the fens of Cam- 
hridgejbire and Lincolnjbire in very 
dry,, than in wet years 5 the Irijh^ who 
annually come to reap the harveft in 
the fens of Cambridgefhire, have 
been fo fenfiblc of the dilFerence, 
that for the three or four years lafl: 
paft, which have been very dry, they 
have entered upon their tafk with 
great rcIuCtance, and apprehenfion of 
what they call the Fen-Jhake: Th? 

* Stares 
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States of EoUnndy in the year 1748*/ 
laid the country around Breda under 
water, and ordered the water to be 
kept up till the winter,, in order to 
ftop a ficknefs which had arilen from 
the moift and putrid exhalations of 
half-drained grounds.* The Arabs. 
are faid to take a horrid kind of 
vengeance wh^n they think them- 
felves injured by xhcTurks at BaJJorai 
they contrive 50 overflow the adjoin-, 
ing country : a peftilentialfever be¬ 
gins to (hew itfelf as the land begins 
to grow dry by the evaporation of 
the water, and it rages with fuch 
violen(?e as to carry off many thou- 
fands of the inhabitants of that city •f’. 

The nature of the foil mufi: bave^ 
a great influence on the health of the 
• p^ple 

* Sir J. Pringle’s Dif. of the Army, y, 63. 
f Philof, Trafif. 1778, p. 215. 
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ptople who inhabit it, lb far as that 
is dspendent on the meifture or dry- 
n^s of the air. There is, probably, 
as much water railed into the air, 
is a hoc day, frohi an acre of ground 
in the fens of Camhridgefltirtt as is 
raifed in two or three days from an 
equal furface in the fandy parts of 
Norfolk and Suffolk. .jNot but the 

f ^ 

moft fandy country niay have a very. 
Hioift atmofphere, when water hap¬ 
pens to be found^near the furface 5 
for the heat of the fun will penetrate 
through the fand, and raife the water 
in vapour* which will find an eafier 
paflage through the fand than it 
would do through a lefs open foil. 
Thus the foil in fome parts of Dutch 
BrahafU is a barren ftnd, but water 
is every where to be .met with at the 

depth of two or three feet* and in 

proper- 
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proportion to its diftnnoe the 
furface the iahs^i^^nts. «re &oe from 
<]ifea(e$ *• 

Vegetation mnft he gte«iy ioBa* 
enccd bjr the quantity of water whkh 
is raifed from the earth j ibme foils 
retain humidity much longer than 
others, and one great ufe of marles 
and other ma^ureS) is, to render the 
foil on which they are put lefs liable 
to be deprived of its moifture by 
the heat of fummer. The water, io aA’ 
rending from the bofqm of the earth* 
;noiftens the roots, and in being dif- 
folved in the air, it affords nutriment 
to the branches of vegetables j but 
as vegetation may be injured cither 
by a dehri^, or an excefsof moifture^ 
and as different plants requi{;e dif¬ 
ferent quantities of it* for attiining 

: their 

4^ Difsaf, of the Army, p« 65* 
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their utmoft perfection, it merits thf 
attentive oblcrvation of the farmer 
to fuit his plants and his manures to 
the nature of the foil. There are many 
Tandy and limeffone foils, which arc 
covered almolt with flints or lime- 
ftone pebbles $ the crop of corn 
•would, probably, be lefs, if thefe 
ftones were removed*: for they arc 
ferviceable, not only in fheltering 
the firft germs of the plant frorr 
cutting winds, but they impede the 
eicape of moifture from the earth j 
the afeending vapour ftrikes upon 
that furface of the ftone which is 
contiguous to the earth, and is there¬ 
by condenfed, and thus its further af- 
cent is for a time, at leaft, prevented. 

Upon the fame grafs-plat, and 
contiguous to the glafs ufed *in the 
experiments, I placed a filver cup, 

with 
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with its mouth downwards, of a 
lhape fimilar to that of the glafs, and 
nearly of the fame dimenfions; but 
I could never obferve that its infidc 
had colledted the kaft particle of 
vapour, though I frequently let it 
ftand on the grafs for half .an hour, 
or more. 

By means of a little bees wax, I 
fattened an half crown.very near, but 
not quite contiguous, to the fide of 
the glafs, and fetting the glafs, with 
*^its mouth downwards, on the grafs, 
it prefently became covered with va¬ 
pour, except that part of it which 
was near to the half crown* Not 
only the half crown itfelf was. free 
from vapour, but it had hindered 
any from fettling on the glafs t*hich 

was near it, for there was a little 

■ ** 

-ring of glafs furrounding the^half 
2 • cjpwtf 
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Crovrn to the diftance of ^ of ao inch 
which was quite dry, as well as that 
part of the glafs which was in)me> 
4 jately under the half crown; it 
-feenaed as if the filver had repelled 
the watec to that diftance. A large 
Ted wafer had the fame efieft as the 
half crown; it was neither wetted 
itfelf, nOr was the ring of glafs 
contiguous tait wetted. A circle of 
wlute paper produced the fame effeft, 
jb didfeveral other fubltances, which 
it would be tedious to. enumerate. 

Thcfe phenomena, reTpefting the 
different difpofiticms of different bo¬ 
dies to attrad the vapour, are 
fimilar to what others have taken 
notice of concerning the failing of 
dew, and are, probably, to be ex- 
fdaioed upon the fame principles, 
whattvtir they may be; Mufehen- 

broek 
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broek placed on the leaden terrace of 
the Obfervatory at Utrecht, veffels 
of glafs, china, varniflied wood, po- 
lifhed brafs, and pewter: he found 
that in the courfe of ^ night the glafs, 
china, and varnilhed wood, had col-^ 
leded a great abundance of dew, 
but that not a drop had fallen on any 
of the polifhed metals'^. M, du 
Fay expofed to the air, when the 
dew was falling, two large funnels, 
one made of glafs, the other of po- 
iifi:ied pewter; the necks of the fun¬ 
nels being inferted into veffels pro¬ 
per to retain any moifture which 
might be collefted by them; he 
fometimes found in the morning that 
tl^e veffcl under the glafs funnel con¬ 
tained an ounce or more of >;^ater, 
VOL. iji. E i but 

i- 

. Introd, ad Philof, Nat, Tom. II. p^!990• 
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but he never obierved mueh as a 
draf> in the other *. 

- A great part of the water which 
is raifcd into the air from the per- 
ipiration of the, earth during a hot 
day, dcfcends down again upon its 
furface in the courfe of the nisht 5 
and this is the rcafon that the dews 

are the greateft in the hotteft wea¬ 
ther, and in the hdtteft climates. 
The earth retains the heat it receives 
in confcquence of the fun’s aftion 
longer than the air does; water, 
.moreover, is cvaporable in alJ de¬ 
grees of heat i hence water may con¬ 
tinue to rife from the earth, when 
the air, being cooled by the ablence 
of the fun, is no longer able to fuftain 
whatjs thus raifed, or to retain what 

\ it 


• Hift, de i'Acad. des Sgrfen, 1749. ' . 
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k had up during the day timet 
and a dew from thefc different caufea 
may, under certain circumftancea^ 
be found both to rife and fall during 
the whole night, ^ 

Egypt, at one feafon of the year, 
is fo parched up^ by the heat, that 
the furface of the ground becomea 
•quite rugged with fiffures; at this 
time the dew, proceeding from the 
vapour exhaled from the earth, is 
very plentiful/and by its plenty pre¬ 
vents the total deftruclion of the 
country. This dew is particularly 
fcrviceable to the trees, which would 
otherwife never be able to refifl: the 
heats but with this alliftance they 
thrive very well, bloflbm and ripen 
their fruit. Therefore the %»per 
parts of the Egyptian trees, ai| one 
time of the year, do the ofEee of 
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roots* attrafVing nourifhment by 
their abforbent veffels, the leaves, 
from the moift air *. 

The quantity of water which was 
condenfed on the infide of the glafs, 
I found to be accurately proportion- 
able to the time ^during which it 
flood on the grafs; for in one ex¬ 
periment 6 grains were collefted in 
10 minutes, and in another 15 grains 
were collefted in 25 minutes; now 
the proportion of 6 to 10 is the fame 
as that of 15 to 25. 

In order to fee whether the copious 
vapour collcfted by the glafs was 
owing to the natural pcrfpiration of 
the grafs, or to a kind of mechanical 
diftillation from the body of the 
earth, I put the glafs upon a foot¬ 
path which was dry, and Jiad no 

grafs 


> Haflfelquift's Voy. p. 455. 



( ^9 ) 

grafs growing upon it, the' vapour 
rofe from the footpath as well as 
from the grafs, but not fo abun¬ 
dantly. 

From what has* been advanced, 
it may, probably, be juftly inferred, 
that the air contiguous to, or not 
far removed from, the furface of the 
earth, whether that furface be plain 
or mountainous, barren, or covered 
with vegetables, will be much more 
loaded with the vapour which arifes 
conftantly from the earth, than that 
which is at the diftance of even a 


few yards from the furface* ^ This 
point may be illuftrated by the fol¬ 
lowing hypothefis——Suppdfc the 
earth to be a globe of rock fatt, and 
to be covered with watek* io the 

r 

height jof a mile; imagine t|e wa- 
ter to fa# divided into four fj|ierical 
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ifhcllsy esuih t of a naik in thicknefs. 

Now the flieUj which is fup- 

pofcd to be contiguous to the fur- 

face of the fait, would foon faturate 

itfelf with the Alt, and becoming 

thereby heavier trhan the water at a 

greater diftance, it would not, by 

the ordinary motion of the winds 

and tides, foon mi^^ Itfelf with the 

whole mafs of water; but it would 

« 

contain far more fait in folucion than 
the fecond ihelh and the fecond 
would contain more than the third, 
and the third more than tiie fourth. 
Let us further fuppofc the fait con¬ 
tained in the whole of the water to 
be precipitated, and the precipita¬ 
tion to begin frorn the fhell fartheft 
removed from the furface of the 
earth s it is evident, that the quan¬ 
tity of the precipitate wilWncreafe, 
I- ' not 
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not firnply with the inqreateof fpacc • 
through whi^h it has defqendid, but, 
in a much higher proportion, ipaf^. 
rnuch as the laft fluell through which 
it defcends may be/uppofed to coa^ 
tain three or four times as much falc 
as the uppermoft. In like manner, 
it feems reafonable to fuppofc that, 
the air which is near the furface of 
the earth wiirbe much more charg-, 
ed with water, which it diffolves ^ 
water difiblves fait, thap that which 
is fituatcd at the diftance of even a, 
few yards from the furface, ; 

Dr. Heberden was the firft perlpp 
who took notice that a much 
quantity of rain falls into a rain- 
gase fituatcd near the furface of the 
earthy than into one of the fame di- 
menfions fituatcd a few yar(|^ abtrve 

'E4 I iCi 

f 
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it*; ind he thinks that this differ 
ence is to be explained from fome 
iinknowi|, property of cledlricity. 

The faft is placed beyond contro- 
verfy, by experiments which have 
been made at various places; at 
Liverpool in particular it has been 
obferved, that a veffcl ftanding on 
the ground in a fpacious garden, re- 

. c 

ceived double the quantity of rain 
which fell into another veffel of 

f 

equal dimenfions placed near the 
fame fpot, but eighteen yards high- 
I am far from thinking that 
the foregoing obfervacions relative 
to the quantities of water contained 

in 

Phil. Tranf. 1769, p. 361. 

' *!• S€€ an ingenious effay on the fubje<^, by 
Dr. Percival, who has explained the pheno- 
menon from the known principles of eleclii- 
city. Effays by 6r. Percival, p. 112. 
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in equal bulks oiT air at dJierent ' 
heights from the furface of the earth; 
contain a fatisfaftory explanation of 
this phenomenon; yet it may be re* 
marked, that rain»gagesf placed at 
equal diftances from the furface of 

the earth, coHefted nearly eqitat 
quantities'of rain, though one * of 
them was fituatcd on a plain, and the 
other on a mountain 450 yards in 
height abovQ the plain*: this obfer- 
vation is Ibme confirmation of the 
hypothefis which has been mention¬ 
ed, as on that fuppofition it follows, 
that the air at the fame diftance frorti 
the furface of^ the earth, is equally 
impregnated with water, other cir- 
cumftances being the fame, and 

therefore equal quantities.raiq 

_ 

ought *io be colledled by aveffeJs 

' '|)laced 

^ Philof. Tranf, 1772,' p. 29|* 
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^ plac€#atequaldiftancesfromib’e fur- 

facc of the earth j though according 
to the ||rne fuppofitioti, a much 
larger quantity ought to-be coHefted 
by a velTcl placpd on the furface, 
than by one placed a few yards above 
it. Thvs this hypothefis, .admitting 
it? truth (which future cJEperiments 
will perhaps cftablilh), feems as if it 
was fufficient for explaining the phe- 
pomcnon j I would be underflood 
however to mention it with much 
diffidence, and was I as much fkilled 
in electricity, as the very worthy and 
ingenious perfon, who firft noticed 
the fad, is in every branch of natu¬ 
ral philofophy, I might probably 
have feen reafon not to mention it at 
all. 


ESSAY 
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OF WATER DISSOLVED IN AIR. 


W E have feen, in the preced¬ 
ing Effay, that large quan¬ 
tities of water are railed from the 
earth in the hotteft weather: the wa¬ 
ter, which is thus clevatcdj is no 
more vifible in the air, than!a piece 
of fugar is vifible in the watelfwhcrc- 
in it happens to be dilTolved, nor is 
the tr^nfparency of the air|injured 
by the water it has received tbs 

I earthy 
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‘ earth; and therefore we conclude^ 
that the water is not ntierely mixed 
with the air, but really dijfohed in 
it > a perfect tranfparency of the 
fiuid, in which an^^ body is diffolved, 
being efteemed the moft unequivo¬ 
cal mark of its folutron. 

The caufe of the afeent, fufpen- 
fion, and defeent of vapours, is not 
yet fully determined 5 many think 
that eleftricity is the principal agent 
in producing thefc phenomena^^'; 
whilft others are of opinion, that wa¬ 
ter is raifed and fufpended in the jiir^ 
much after the fame manner in wl^h 
falts are raifed and fufpended in wa¬ 
ter j and it mufl. be owned that this 

opinion 

* Philof. Tranf. 1755, p. 124.—Ele^lrl- 
citas vapores m aerem cxtolJir, in aere fuf- 
/ pendit, ct ex aeie in telliirem depluit. Prof.- 
.Savers Exp, dc Elec, Theo. p. 106. 
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opirvion (vhich future experience, 
may fhew not to be wholly incon- 
fiftent with the other) has a great 
appearance of probability. 

Salts, in general, are more ipeedi- 
]y diflblved in warm water than in 
cold; and water, in like manner, is 
more fpeedily Biflblved in warm air 
than in 'cold. We have a fenfible 
proof of this in the .exhalation of 
dew, it being much fooner dried up 
in places e3?poled to the direc"t rays 
of the fun, than in the fhade, becaufe 
the air in the lhade being fome de¬ 
grees colder than that in the fun, is 
not able to diffolve the fame quanti¬ 
ty of water in the fame time. 

When v/ater is faturated with any 
kind of fait in a definitive d^ree of 
heat, then will it retain thti fait as 
long as it retsuns its heat; bul if the 

'' ■ I' 

3 ; heat 
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, heat leffeMd, the trartfpar^ncy of 
the folution will be deftroyed, a part 
of the fait will become vifible, and 
fall to the bottom, in confequcnce of 
its foperioT weight; what falls to the 
bottom will be re-diflblved, as foon 
as the water regains its heat. It is 
obvious that the quantity of the fait 
which is precipitated from the 
cooling of the water,*^ will depend 
partly on the degree of heat in which 
the folution is faturaceef, and partly 
on the degree of cold to which the 
folution is reduced. Thus water of 
8o degrees when faturated with fait, 
contains more fait than it would do 
if it had only 70 degrees of hear, and 
in being cooled to 50 degrees, the 
.precipitation of fait will be greater 
in the firft ihftance, than in fhe fc- 
cond i though it might probably be 

the 
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the fame if the folutiw ©f fo 


grees was cooled only to 6o, and 
that of 70 to 50. Something very 
analogous to all this may be obfcr^^^ 
cd with refpeft to the folution of 
water in air. In mifty weather wc 
frequently fee the mill of the morn¬ 
ing intirely vaniftiing towards the 
middle of the day, and coming on 
again towards ^thc evening; the rea-* 
fon of which feems to be, that the 
.air being warned by the approach 
of the fun to the meridian, is able 


to diffoive the morning mift, but ag 
the air grows colder ,,^ain towards 
the evening, the water which had 
been pcrfeftly diflblved by the^mid- 


day heat begins to be precipitoted, 
the tranfparency of the air is decoy¬ 
ed, and an evening mift is for^d. 
This phenoaienon haa heed ob- 

Itrvedi 
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fcrved to prevail, in the coldcft at- 
mofphcrc that has ever yet been 
taken notice of, on the furface of 
the globe; for in January 1735, 
v/hen the coH in Siberia was equal to 
157 degrees below the freezing point 
in Fahrenheit's thermometer, the low¬ 
er region of the air was obfeured by 
a perpetual cloud, which was very 
thick in the morning, thinner to¬ 
wards noon, and thicker again at 
night"^. 

Mills and dew will, generally 
fpeaking, be the greateft when the 
difference between the heat of the 
air in the day time, and at night, 
is the greateft, becaufethe hotter the 
day, the greater is the quantity of 
water which is diffolved; and the 
colder the night, the greater will be 

the 

i;* Novi Coinraen. Petrop.Tom. VI. p, 429^' 
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fhe quantity which is precipitatci 
Jt often happens that there is no milt 
obfervablc towards the clofe of the 

f 

dajrj this trtay be occafioned, either 
by there being little difference ia 
the heat of the air at noon, and ac 
night; or, though that difference b« 
confiderable, yet the air may chance 
not to be faturated with Vater, and 
in that cafe it may, even in the nighty 
be warm enough to retain ail the 
water it had diflblved in the day 
time. In cold weather the breath 
of animals becomes vilible, becaufe 
the air is not warm enough to dif- 
Iblve the moifture which is exhaled 
from the lungs 

VOL. III. F t It 
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* The breath is rifible if the tempelacure 
of the air he colder than 6i degrees. (|ai^al, 
on Air, p, 400. The degree of cold in #hicfr 
is vifible, depends partly on the h^^nld ' 
(ir drynels of the air« 
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It is not uqufual fpr a river in 
winter time, to be much warmer than 
the air, hence the vapour which rifes 
from the river is condenfed^ the air 
not being able to diflblvc it, and a 
cloud or mift of fmall elevation, is 
feen to accompany -the river in its 
courfci this appearance ccafes, as 
foon as the river is frozen, bccaufe 
the ice, though it be i'uhjedt to eva¬ 
poration, yet it does not yield fo 
much vaj^ur as water does ’^^ 

A cubic inch of rock fait, nitre, 
or any other kind of fair, is much 
longer in being dilTolved, when it is 
in a compaft ftate, than ^en it is 
reduced into a fine powder, becaufe 
the fait, when in the form of a pow¬ 
der, 

* Angara fluvius no<^^e glacic confiftit, quo 
.jfado mhula ilia perpetUa, hue ufque-exiluvio 
hoc €ve<Sta, ceflavit, Ngvi Comm. .Petrop^ 
eVToh yi.p. 436. 
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dcr, has a much larger furfacc ex-i 
pofed to the a&ion of the water, 
than if it was in one foKd lump. In 
like manner, the air will diflblveany 
definite quantity of water fooner, 

when the furface of the water is in- 

( 

creafed by its being in the form of a 
vapour, than it would do if the wa¬ 
ter was either in the form of ice, or 
in its ordinarybfluid ftate. Thefmokc 
of a chiinney confifts principally of 
water, in the ftate of vapour, and it 
is really aftonilhing, to fee how 
quickly, in particular ftates of the 
atmofphere, it is diffolved in the air. 

It has been remarked, that the 
fmoke of mount Vefwvitis is much 
more ftrong and vifiblc in rainy, 
than in fair weather*/ ifthk phe- 

F 2 nomenon 

^ Lett, fur la Mn^jral. par M.^Feiben, 

^ i88« 
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no^enon does not proceed from the 
greater quantity of water, which is 
raifcd from the mountain in wet, 

than in dry weather; it may be ac- 

« * 

counted for, frorfi the greater facility 

with which aqueous vapours are'dif- 

► 

folved in a dry ferene air, than in 
one which is fo faturated with water 

' -4 

that it can diffolveno more; which 
is the cafe, in general, of air, which 
parts with its water, io the form of 
rain or mift. 

In riding upon wet fand in a hot 
day, a kind of tremulous motion in 
the air> to the height of a foot pr 
more above the fand, may be 
ferved ; this appearance may proceed 
from hence, that the water in rifing 
fiom the fand, is not immediately 
diffolved in the air. A fimilar appear¬ 
ance may often be obferved on land, 
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cfpecially in corn fields towards Au¬ 
tumn; the water which is exhaled 
from the ftanding corn, not mixing 
itfelf at once, fo effeftually with the 
air^s to conftitute with it an appa¬ 
rently homogeneous fluid. Some¬ 
thing of the fame kind happens 
when either falinc folutions, wines, 
or vinous fpirits of any kind^ are 
poured into a glafs of water, the 
compound fkiid mufl: be agitated, 
or the mixture will not at firft be 
unlfonn. 

I 

The quantity of water contained 
in the air, even in the dricft weather, 
is very confiderable. We. may be 
faid to walk in an ocean ; the| water 
indeed of this ocean docs not, ordi¬ 
narily, become the objeft our 
fcnfes 5*we cannot fee it, nor,fwh'ilft 
ii continues diilblved in the ^r, do 

13 


we 
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we led that it wets us; but it is ftilE 
water, though it be neither tangible 
nor vifible 5 juft as fugar, when diG- 
iblved in water, i§ ftill fugar, though- 
we can neither fee it nor feel it,# 
Some philofopherj have doubted,, 
whether the weight of the air may 
not chiefly be attributed to the wa¬ 
ter which is conftantl]^ fufpended in 
it^. But whether this conjedlure be 
admitted or not, the power which the 
air has of keeping a great quantity 
of water dilTclved in it> may very 
properly be applied to the illuftra- 
tion of that text, in which it is faid, 
God divided the waters which were 
under the firmament^ from the waters 
which were above the firmament -f*,. 
without having recourfe, with Epif- 

cophiSy 

* B6erb. Chem. Vol. L p# 461, 

7 * 
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tepiuSj to the very unphilofopI|ical 
fuppofition of thfe blue Iky being 
a folid fubftancc compofed of Con¬ 
gealed water Some are puzzled 
to iSnd water enough to* form an 
univerfal deluge; to aflift their en¬ 
deavours it may be remarked, that 
was it all precipitated which is dif^ 
folved in the •air, it might probably 
be fufficicnt to cover the furface of 
the whole earth, to the depth of 
above thirty feet. 

The air not only diflblves water, 
but various other vapours, which con- 

F 4 fill: 

A 

* Extima live fuprema hujus aeris regio 
attingit fornicem ilium caeruleum, In quo 
poilea die quaita ftellse lixee collocata: fue* 
runt; qui fornix c^riileus mihi elfe videtur 
aquaruiu inaltu;Ti elevatarum» etcrfftalliia 
morem feu condenfatarum, feu conglaciata-- 
rum, cseruleoque colore radiaiitium^ compa¬ 
res, Bpif, Inf/Theol, Lib, iv, Cr 3I 
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fill partly of water, and partly of vo¬ 
latile falts and All vegetables, 
whether aromittic or not, are found 
to perfpirc very greatly, and the mat¬ 
ter which they pferfpirc, could it be 
condenfed, would, probably, be fo 
far different from pure water, as to 
have both a.tafte and fmcll. The 
matter perfpired by ammals, v/ithout 
fweating, confifts principally of wa¬ 
ter, but the water is ftrojigly impreg¬ 
nated with odorous particles. It has 
been faid of BaroM HalkVy that he 
cciuld fmcH the perfpiration of old 
people^ at the diftance of fen yards; 
this is by no means incredible, for the 
human .body i? conftantly enveloped 
in an invifible cloud, arifing from the 
great quantity of matter which is 
infenfibly perfpired. SanBorms efti- 
mates the JenftbU excretions of a 

7 perfon 
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pcrfon who eats and drinks RJbs op 
food in 24 hours, at 3 lbs, and th(^ 
infenjible pcrfpiration at 5 Ibsj but if. 
we fuppofc the infcnfiblc pcrfpira-^ 
tion in this climate •(which is colder 
than that of Venice^ where he made 
his experiments) to amount only tq 
one half of our food, we cannot but 

eonclade, that it muft form a great 

« 

cloud around us; for 4 lbs of matter 
converted into a vapour as heavy as 
sir, would occupy a great fpace, 
amounting to above 50 cubic feet. 
The heat of the hunnan body is ge¬ 
nerally between 90 and ico decrees; 
this degree of heat is fufficient to 
laife from -it, by a kind of diftilla- 
tion, a copious vapour, which would 
become vifible, if the heat wt| in- 
creaft d; I remember having jbeen 
gteaily heated*and fatigued af- 

eerSding 
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ccnding the ladders from the bottom 
. of the copper mine at E^Ion; when 
I got to the top I obferved,, by the 
light of a candle, a thick, vapour 
reeking from the body, and viiible 
around if*, to the diftance of a foot 
or more. 

The difpofition of the air for dif- 
folving either pure rvvater, or the 
matter perfpired by vegetables, o^ 
animals, is very various, depending. 
chiefly on its denfity^ beatj and dry- 
nejs. The power which dogs have 
of feenting the animal they are in- 
purfuil of, muft be much affected^ 
by this difpofition of the air; for 
riie air through which the animal 
ha§ pafled,, is impregnated with the 
matter perfpired from its body; and 
this matter may in one ftate" of the 

air be fo fpeediiy diffolved, and fo 

much 


1 
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much as it were diluted with air, as 
to make either no impreflion, or a 
very flight one, on the olfadlory 
nerves of the dogi \vhilft in another, 
it may make a very fenfible one. 
And if we fupppfe the perfpirable 
matter not to confifl: chiefly of wa¬ 
ter '^y but of fuch particles as arc 
thrown off hf perfumes, without 
their lofing fenfibly of their weight, 
ftill it will be true, that the ftate of 
the air muft have a great influence 

in 

* If the whole body of a naked man, ex* 
cept his mouth and noftrils, was fliut up in a 
glafs cafe, fo that no air could enter, the mat¬ 
ter of the infenjihle perfpiration would,^ pro 
bably, be condenfed, and fbind as dew the 
iiilide of the glafs ; and I apprehend it vlould 
not differ much from the matter of tlie 
perfpiration, or fweat. But if any be 
difpofed to conliderthe infenfible perfpii|i£ion 
as an uncondenfablc fluid, or a kind of air 

filnilar 
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in rendering them fenfible; fincc it 
has been founds that on the tops of 
very high mountains^ where the ftate 
of the air is very different from 
what it is in the valleys bcloiv, the 
mod odorous bodies Icfe cither in- 
tirely, or in a gr^at degree, their 
powers of exciting a JmclI.—The 
cxiftence of water in^ir is made ap¬ 
parent* various ways. 

If a bottle of w^ne be fetched out 
of a cool .cellar, in the hotleft and 
dried day in fummer, its furface 
will prcfently be covered with a thick 
vapour, which, when tafted, appears 

to 


£ii4kr to that which arlfcs from regetabb 
5 , in a Hate of fermentation (the heat of 


u » 

H^toeating wort being much the fame as thtt 
animal body), fiill its mixture with the 
atmofpherical air muft depend very much on 
the WTight, huiuidity, and other'properties 


that air. 
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to be pure water* This watery va¬ 
pour cannot proceed from any exu-, 
dation of the wine, through the 
pores of the bottle, for glafs is jtn- 
pervious to water, «nd the bottle 
remains full, and when wiped dry, it 
is found to weigh as much as when 
taken out of the cellar. The 
fame appearance is obfervable on 
the outfide of a Giver, or other vef- 
fel in which jeed water is put in 
fummer timcj and it is certain, that 
the water which is condenfed on the 


furfacc of the velTcl, does not pro¬ 
ceed merely from the moifturc ex¬ 
haled by the breathing of the people 
in the room where this appearance 
is raoft generally noticed, becaufc 
the fame cfFcdi will take place^ if 
the velftl be put in the operlaif* 




C 94 ) 

tion of any fair, or even fpring Va- 
tcr^ which happens to be a few de¬ 
grees colder than the air, produces 
a fimilar condenfation of vapour on 
the outfide of the vcflcl in which it 

c 

is contained. Thefe and other ap¬ 
pearances of the fame kind, are to 
be explained on the fame principle. 
Warm air is able to retain more wa- 
tep in folution than«» cold air can ; 
when therefore warm air becomes 
contiguous to the ofitward furfacc 
'Of a veffcl containing cold liquor, 
it is prefenily cooled to a certain 
degree, and in being cooled, it is 
forced to part with fome of the water 
which it had dilTolved, and this wa^ 
ter, ceafing to be fulpended by the 
air, attaches itfelf to the furface of 
the cold 

The more ancient philofophcrs, 

.not 
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not fufpeding that water be 

diflblved in air, were of opinion that 
the moifture which they obfervcd 
adhering to the outfides of veffels, 
which had been cooled by having 
fnow put into them, proceeded from 

a iranfmutation of air into water 

• 

But there feems to be no more rea- 
fon for this fuppolition, than there 
would be for %ing, that water was 
changed into faltpetre, from obfcrv- 
ing that water which had diflblved 
as much faltpetre as it could> in a 

certain 


* Naturae myftas arcano fliodo, fed facili, 

Jterem in aquam mediis caloribus cogere docebit 

abjc<!l:a haec nix, fi vitro conicse figurae, intra 

tripodem, apice deorfum vergente fujjpenfo, 

indatur nivis vel glaciei fruftum. Quip||p fub- 

je£to vafculo excipiuntur, exterlorc vititfrigi- 

ditate collaftae, ct late rum dcclivitate manantes 
_ • 

aquae guttae. Bartholinus deFigura Nivit, p, 3, 
See-alfo-Boyle’s Works, Vol. 11 . p. 397, 
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certain degree of heat, depoGted a 

part of it, when that degree of heat 
Was leflened, 

Another method of proving the 
exiftence of water in the cleareft air, 
is, to oblcrve the increaie of weight, 
which certain bodies acejuire fay ex- 
pofure to the opm air. I put upon 
a plate, 8 ounces of fait of tartar, 
which had been well dried on a hot 
iron j the day was without a cloud, 
and the barometer flood at 30inches; 
in the {pace of three hours, from 
2^ o clock in the afternoon, the 
|!alt had jiicrealed in weight two 

courfe of a few days 
:Ms weight was increafed to twenty 
ounces, it was then quite fluid, and 
being diftilled it yielded a pure wa¬ 
ter ^ual in weight nearly to the 
increafe it had acquired from the air. 
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and therefore it is rightly iiv(erred> 
that water was the fubffance which 
it had attra( 5 l;ed from the air. 

Strong acid of vitriol is another 
body which very powerfully attrafks 
huoudity from the air. An ounce 
of this acid ha$ been obferved to 
gain, in 1 z months, above fix times 
its own weight *. The power of the 
acid to attradf water from the air, 
depends upon its llrcngth, for it 
may be fo far diluted, that inftead 
of attracting any more water from 
the air, it will, by evaporatioa, lofc a 
pare of that which it had acquired; 
when it is in this ftate, its weight 
varies with the drvnefs or moiftncls 

m 

of the atmofphere, and it becdmes, 
when accurately balanced in agood 
pair of fcales, no bad kind of an hy- 
voLs III, ' G groipcter. 
• * N«ivm, CJicm, by Lewis, p, x6i. 
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gflometer. The time in which any 
definite quantity of acid acquires its 
greateft weight from the air, depends 
partly upon the quantity of water 
which is dilTolved in the air, and 
partly upon the furface of the acid 
which is expofed to the air, it hav¬ 
ing been afcertained by experiment, 
that the quantity attraftcd from the 
air, in a deBnite portion of time, is 
greater as the furfact is greater. 
Hence, inftead of a 4:welvc months 
cxpofure to the air being requifitc 
io make one ounce of acid of vitriol 
acquire fix ounces.of water, it might 
polfibly acquire that weight in a few 
minutes, if its furface was enlarged 
in a due proportion. 

Onions and other bulbous roots, 
when hung up in a room Iheltered 

om rain and dew, are obferved to 

gcrmi- 
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germinate, and to acquire a great 
increafe of bulk, and it might thence 
have been fufpefbed, that they at¬ 
tracted much water from the air, 
and were increaled* in weight. But 
though they may increafe in bulk, 
they are found tb decreafe in weight; 
the root itfelf, in becoming rotten, 
fupplies nutrient to the germinat¬ 
ing plant; and if it imbibes any 
thing from the air, it lofes that and 
more by perfpiration. An onion 
•on the 26th of January, when 
it had fcarce begun to ihew any 
figns of vegetation, weighed 296 
grains^ on the i6th of the following 
May, after having put forth feveral 
ilems in the open air, it weighed only 
145 grains*. 

The*increjdc of weight which the 
G 2 human' 

V *• 

• ** 

Novi Com. Petrop. Tom. IT. p. 225* 
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human body, in many cafes, experi¬ 
ences from the water which the pores 
of the body fuck in from the air, 
is another very fenflble proof of the 
great quantity of water which is 
conftantly difTolved in the air. 
** Keil has proved, that a young 
mto weakened from want of nou* 
filhment, but in other refpedts 
healthy, added eighteen ounces to 
his weight, in the fpaci of one night, 
and this by the abforption through 
his pores. Another perfon has been 
feen to gain 4olbs. weight, in the 
fame manner, in the fpacc of a day. 
M. de Haen is of opinionj that 
droplical patients abforb more than 
loolbs. weight every day. It is 
ftjppoled, that, in general, the body 
abforbs more than i lb. every day 

by 
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by the pores The fkin of a 
midd]e-fized man is equal to about 
15 fquare feet j and if we fuppofe the 
ikin of a dropfical perlbn to be 20 
fquare feet, then will each fquare 
foot imbibe 5lbs. or pints of water 
in one day. 

In addition to thefe inftances I 
will fubjoin tbe following account, 
which was given me by a perfon of 
credit and juiigment. A lad at New¬ 
market, a few years ago, having 
been almoft ftarved, in order that he 
might be reduced to a proper weight 
for riding a match, was weighed at 
9 o’clock in the morning, and again 
at 10, and he.was found to have 
gained near jo ounces in weight in 
the courfc of an hour, though he 
• G 2 .. had 

^ m. 

• Treatife of Phyfic by Zimmerinai. Voi* 
II p. 
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}iad otiiy drank half a glafs of wins 
in the interval. The wine probably 
llimulated the adlion of the nervoas^ 
fyflem, and incited nature, exhaufted 
by abftinence, to open the abforb- 
cnt pores of the whole body, in or¬ 
der to fuck in fonie nburilhment 
from the air. Something fimilar to 
this was the cafe of the negro, who, 
being gibbetted al'ive, regularly 
voided every morning a'large quan¬ 
tity of urine, but difeharged no 
more till about the fame hour the 
next day*} the dews of the even¬ 
ing at Charles Town in South Ca- 
rolini, imbibed by his body, fupply- 
ing a fupcrabundance of fluids in the 
night, and a fufEcient quantity to 
fupport perfpiration in the day. It 
has been obferved, that “neitherhogs 

nor 

■ - 1 ^* Tranf. Vol. II. p. 103. 
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nor beafts of burden ever drink ia ' 

- ^ 

Jamaica, and yet they are continu¬ 
ally fweatrng. The air is lb moift^ 
that the abforbing pores of thefc 
animals imbibe a*fofficiency of wa¬ 
ter^.” The imbibition of water 
through the pores of the Ikin is an 

acknowledged faft-it is well 

known, that perfons who go into a 
warm bath, coipjs out feveral ounces 
heavier th^ they went in their 

bodies having imbibed a correfpon- 
dent quantity of water f* of 

the utility of medicated and vapour 
baths, depends upon this principle 
of imbibition by the pores; and it is 
faid that thirft may be allayed by 
bathing in warm fea water, the porea 

G 4 im- 

^ Treatife of.Phyf, Val. 11 . p. loi. 

Goldfmith’s Hill, of the Eartltj £» 

2.38—398^ • ^ 
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imbibing the water, and carrying‘It 
to the intcftines, but not fufFering 
the diffolved fait to accompany the 
water. 

With refpeft io the quantity of 
water fufpcnded in the whole atmo- 
fphcre, or even in k column of the 
atmofphere, of a definite bafis, in¬ 
cumbent on any particular fpor, it 
cannot be afeertained with prccifion, 
unlefs we knew fome n^thod of de - 
priving the air of all the water it 
contains, and could at the fame time 
make the experiment at different 
diftances from the furface of the 
earth. For it is not only probable, 
that a cubic yard of air, contiguous 
to the furface of the earth, contains 

at different times very different 
* • 

quantities of water, even at the fame 
place; according as the ground is 

moift 
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moift or dry, or the temperature of 
the weather warm or cold; but we 
have great reafon to believe, that ai? 
the fame inftant of time, a cubic 
yard of air, which touches the furface 
of the earth, contains as much wa¬ 
ter as three or* four cubic yardsj 
which are fituated at the diftance of 
thirty or forty .yards above it. For 
the water which rifes from the fur- 
face of the ocean, from the perfpi- 
ration of organized bodies, whether 
vegetable or animal, or from the 
mere adion of the fun on a moift 
earth, in being diflblved in the air a« 
foon as it rifes, makes the air near 

the furface heavier than that which 

■^ 1 , 

is at a diftance from it, and ohihat 
account the motion of the air, uftlefs 

jr 

it be violent, .will not readily |nix 

the lower and heavier air with; the 

. , 

higher 
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higher and lighter, and the lower air 
wm.confequcntIy contain more water 
in a definite bulk, than the higher. 
To what has in a former Effay been 
obferved on thi^fubjeft, the follow¬ 
ing illuflration may be added. If 
into a deep drinkirig glafs half full 
of water, you gently pour a glafs of 
port or claret, you wrill fee the wine 
mixing indeed itfelf flowly with the 
water, but that part ef it which is 
near the water, will be much more 
impregnated, in any definite portion 
of time, with water, than the more 
remote parts, it will be a confider- 
able time before the water will be 
uniformly diffufed through the wine, 
if they are left undifturbed j nor 
does a gentle undulating motion 
foon mix them, and,this difficulty of 
mixing them would be ftill much 

greater. 
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greater,' if there vsras a greater di& 
ferencc in their refpcdive weights> 
or if the upper parts of the wine were 
Icfs dcnfe than the lower. Now this- 
is the cafe in the ^r, which is not 
only above 8oa tinnes lighter thaa 
water> but its plirts, which are far 
removed from the furface, are much- 
lefs denfe than .thofe which are con> 
tiguous to it. That denfe air holds, 
more water iit folution than rarefied 
air, is proved from hence j that whea 
common air is rarefied under the 
receiver of ^ air-pump, a part o£ 
the water which is contained is pre¬ 
cipitated, in the form of dewj. this 
anfwers to the precipitation of fait 
from a faline folution, when- part of 
the water is taken away, which held 
the fait m folution. Hence, as cold 
(ends to render die air more dea&f 
I it 
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it certainly contributes to its holding 

more water in folution than it would 

dO) if it was more fareSed under the 

fame degree of heat: but as hot air 

dilTolves more ^ater than cold air, 

and as air is rarehed by heat, it is 

evident, that the deniity and heat of 

the atmofphere in fome meafure 

counteradl each other, with refpeft 

to the power the air has in dilTolving 

water; the law according to which 

* 

this power varies, in different de¬ 
grees of heat and condenfation, is 
not determinable from any experi¬ 
ments which have yet been made. 

It may not be improper to take 
notice, in this place, of an objection 
which is ufually made to the doftrine 

here advanced,-of water being 

fufpended in the air by folution.—It 
is aflcrced, that water is as cvapor- 

abt^ 
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able in an exhaulVed receiver, where 

there is no air, as in the open air *. 

It is certain, that heat will evaporate 

water, and great degrees of it may 

probably evaporate it fafter in *oacu 9 

than in the open air, inafmuch as 

• 

the preffurc of the air may tend to 
obftruft the aftion of the heat, in 
conTerting tha water into vapour.. 
Thus, quickfilver is not, I appre¬ 
hend, evaporJble in the open air, yet 
it has long been remarked to be 
evaporable in vacuo, as may be col- 
lefled from the little globules of 
quickfilver, generally found adher¬ 
ing to the upper part of a barome¬ 
ter, and which arife from the vapour 
which infcnfibly efcapes from fhe 
furfacc of the quickfilver in fhe 

tilbe. 

. * 

* ^ Berlin Mem, 1746, Waller de A&en. 
Vapo. in vacuOfc 
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tube. But though heat may be one 
caufe of the evaporation of water, 
the attraftion between arr and water, 
upon whatever principle it depends^ 
may be another.' The faft moreover, 
upon which the objeftion is founds 
€d, is very queftiohable, and not ge¬ 
nerally to be admitted. A china 
faucer, which contained 3 ounces of 
water, loft nothing of its weight un- 
’dcr an cxhaufted receiver in the 
Ipace of 4 hours; whilft a fimilar 
faucer, containing an equal quantity 
of water, loft, in the fame time, in 
the open air, one drachm and eight 
grains; the heat of the atmofphere 
tcing between 48 and 50 degrees 
Many readers gratified with 
feeing the general progrefs of any 

, ‘ philo- 

V * 

* See Dr. Dobfon’s ii^genious Obfcrv^i- 
tioss^ Philof. Tranf. 1777, p; 
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pliilofbphical opinion] from its being 
firfl; fuggefted, till its being general¬ 
ly admitted. The hiftory, indeed, 
of philofophy, is one of the moft 
pleafing purfuits which a-lpeculative 
mind can be engaged in^ but it re¬ 
quires great leifure and ability to 
cultivate it with fuccefs. It is not 
every diftant Jiinc which he throws 
out, that can intitle a philofopher to 
the credit of^,being the firft framer 
of an hypothcfis; nor on the other 
hand are we haftily to reject the 
maxim, that " all novelty is but ob¬ 
livion,” inafmuch as we frequently 
fee old opinions putting on the ap¬ 
pearance of new difcovcries, from 
their being drefied out in a new 
form. 

Natural philofophy principally 
confiHs in exploring, by experin^nr> 

.. the 
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the phenomena refulting from the 
mutual adtion of different bodies 
upon each other. Thele phenomena 

are innumerable, no arithmetic can. 

^ 1 

reckon up the various ways in which 
tcrreftrial bodies may, by natural or 
artificial means, bo brought to ope¬ 
rate on one another. To this caufe 
may we attribute the immenfe num¬ 
ber of volumes on experimental phi- 
lolbphy, which have been publifhed ' 
in Europe fince Bacon pointed out 
the proper method of ftudying na¬ 
ture. This circumftance, joined to 
the uniformity which muff ever at- 
,tend the operations of nature in 
fimilar circumftances, may juftly in¬ 
title different men to the honour of 
having .made the fame difcoveries, 
it being much caficr to make an ex- 
perimcnt, vhich may have been 
4 , made 
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*made before, than to read all that 
has been written in different ages 
and countries on natural appear- 
ances. 

DoHor Halkyj in the year 1691, 
propofed to the Royal Society, his, 
opinion concerning the origin of 
i'priqgs; in this traft he exprclTes 
liimfelf in tli£ following manner: 

The air of itfelf would imbibe a 


certain quantity of aqueous vapours, 
and retain them like Jalt$ dijfolvedm 
•'joater^ the fun warming the air, and 
raifing a more plentiful vapour from' 
the water in the day time, the air 


would fuftain a greater portion of 
vapour, as warm water woul4 hold 

more dilTolved falts, which upon the 
abfence of the ftin, in the i|ghts> 
would be ail again difchari^d in 
VOL. m. -H |iews, 
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dews, analogous to the precipitation 
of fairs on the cooling of liquors.”* 
M, Le Roy publilhed an ingeni¬ 
ous cSflertation on the folubilicy of 
water in air, in the'ycar 1751; among 
other experiments, by which heilluf- 
trated his hypothefis, he obferves, 
that if a large, new, hollow, globular 
slafs veffel, with a narrow neck, be 
clofely corked up in a clear hot day, 
the water contained, in the apparent¬ 
ly dry air, will be precipitated, and 
form a dew in the infide of the veflel, 
whenever the veffel is cooled, and 
that this dew will vanifh, being re» 
diffolved by the air included in the 
veffel, as foon as the air regains its 
beat. 

Do^or Fra?iklin further illuftrated 
.this principle, of water being^foluble 

in 


^ Philof, Tranf, No, 192. 
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in air. in a paper which was read be¬ 
fore the Royal Society in 1756, and 
afterwards printed in his works'^'. 

In the F’rench Encyclo^pedie^ pub- 
liflied in 1756^ we meet wn’rh the 
follovving paiTage—On voit par la 
combien fe trompent ceux qui 
imap^inent que l^humidite qu’on voit 
s’ attacher aiKour d’un verre plein 
d’unc liqueur giacee eft une vapeur 
condenfee p^r le froid: cet effer, de 
meme que cclui de la formation des 
nuagcs de la pluie, et de tons les 
meteors aqueux, eft une vraie preci¬ 
pitation chimique, par un degre de 
froid qui rend i’ air incapable de 
tenir en diflblucion toute V eaii dont 
il s’ ctoit charge par V evaporation 
dans un terns plus chaud; ct; cette 
:precipitatIon -eft precifemerit du 

H 2 meme 

« 

^ Franklin on Elec. p. 182. f 
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I 

mcme genre que ce!Ie de la creme de 
tartre, lorfquc T eau qui la tenoit en 
diflblution s’eft rcfroidie*. 

Miijchenhrcek^ amongft other caufes 
which he afTigns for the fufpenfion 

of vapour, evidently alludes to the 

( 

folution of water in air, and coin- 
pares it to the folution of falts in 
water. I 

But though a grcit many philo- 
fophers had fpoken of Ac folubility 
of water in air, before Doiior llaydll- 
tony yet in juftice to him it mufl be 
owned, that no one has treated the 
fubjedl: more diftinftly, or applied it 
more fuccefsfully to the explanation 
of vartous phenomena than he has 
done, in an efiay which was read to 

the 

I 

•j* Ency, Fran. T. VJ. p. 2S3. Fol. Ed. 
f Intr^, ad Phil, Nat, Vol, II. p, 965. 
oub. 1769, 
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the Royal Society in 1765, and after¬ 
wards publiihed with other cffays, 
by the fame author. The reader 
will be very well pleafed with feeing 
this principle illuilrated in an eflay 
by Mr. White, publiflied in 1771, 
in the elegant colleftion of Georgi- 
cal Eliiivs by Jjo^or Hunter 

rhilof. Eiluyo by Hugh Kamilton, D. D. 

F. R. S. 

-j- Georgicnl EiFays by Do£roi* Huattr, 
Vol, IL p. 15. 
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ESSAY IV. 


OF COLD PRODUCED DURING THE 
EVAPORA'flON OF WATER, AND • 

THE SOLUTION OF SALTSv 

% 

O N the27thof March 1779, whea 
the weather had been for fomc 
time very dry, I put a thermometer 
into a glafs of water, which had 
been heated to 87 degrees, by Hand¬ 
ing cxpofed to the direft ray$ of the 
fun. The thermometer was then 
taken put, and its bulb was h|ld op- 
pofite to the fun, which Ihoic very 

H 4 Irigbt} 
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‘ bright j as the bulb grew dry by the 
evaporation of the water, the mer- 
' cury in the thermometer funk very 
fall i it continued for a moment fta- 
tionary at 76 degrees, and then it 
rofe rapidly to 90 5 fo that 11 de¬ 
grees of qpld had been produced 
during the evaporation of the water. 

On another day in the fame month,. 
when the heat in the lliade was 68 
degrees, I put-a chermomc-'ter'into a 
glafs of water, it ftood at 50,degrees.; 
upon taking it out, the mercury, in- 
flead of finking from the effed: of 
evaporation, began imviediately to rife 
from the efFeft of the heat of the 
atmofphere upon it. I pur the ther¬ 
mometer into the fame water, heat¬ 
ed to 55 degrees, and taking it out, 
the mercury continued ftalmmy for 
feme time, and afterwards it began 

to 


t 



i 
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to rife. It was put into the fame^ 
water heated to 58 degrees, and up¬ 
on being taken out, the mercury did 
* not either rife or continue ftationary, 
but it funk one degree j when the 
water was heated to 60 degrees, the 
thermometer, upbn being taken out,, 
funk 3 degrees before it began to- 
rife. 1 hefe experiments were all 
made in the fiiade, and it feems as if 
we might coriclude from them, that 
57 was the degree of heat in the wa¬ 
ter, in which the cold produced by 
evaporation, was juft equal to the 
heat produced by the atmofphere 
which then furrounded the ball of 
the thermometer. 

The degree of cold produced by/ 
evaporation, .depends, probabJyj.up- 
on the quicknefs with which th^t is*, 
accoinpiiihed: now the quictneis 
a ‘ 'with 
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with which water, of a deffnite tenrr^^ 
perature, is evaporated, is influenced^ . 
partly by the degree of heat prevail¬ 
ing in the atmofphere; partly by ’ 
the wind blowing upon the thermo¬ 
meter ; partly by the dryncfs or 
moiflncfs of the ai^ 3. and by other 
caufcs, 

September 30th of^the fame year, 
when the heat in the fliade was 64 
degrees, and the heatrof the water 
60, the thermometer, upon being 
taken out, ftood ftationary for three 
minutes, and then it rofe ; there was 
a gentle fouth wind. On the next 
day there was a cold dry wind from 
the north, the water and air were^ 
both at 56 degrees, and the thermo¬ 
meter on being taken out funk to 5 2. 

Spirits of wine, ether, and many 
other fluids, produce cold by being 

cva- 
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evaporated, and they produce a much 
greater degree of cold than water, in 
confequcnce, probably, of their be¬ 
ing more evaporable. Thus, vitrio¬ 
lic ether*, which is‘one of the moft 
volatile fluids in nature, has been 
oblerved to lower Reaumur"% ther¬ 
mometer 40 degrees below the freez- 
ing point (which anfwers to 90 de¬ 
grees of Fahrenheit's fcale)“t*. The 
experiment h moft commodioufly 
made, by applying a piece of fine 
linen wetted with ether upon the 
bulb of the thermometer, accelerat¬ 
ing 

Ether is made by diftilling a mixture of 

fpirits of wine and oil of vitriol. — Ether may 

be made alfo by diftllling fpirits of win^ with 

thefeverai acids of nitre, fea fait, and vinegar, 

and it is then called the nitrous, marinf, ace- 

* 'j 

tons ether. ; 

• 'i' Chem. Dict^ art. Ether. Or Manuel 

de Chymie^ar. M. Baumc, p. 375, 
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ing the evaporation by blowing on; 
the linen wiiii a bellows, and moift- 
ening the linen as it becomes dry,, 
or exchanging it for a frelh piece 
which is wetted'with ether. Who¬ 
ever attempts to afcertain the degrees 
of cold rcfpeclively produced by dif¬ 
ferent fluids, would do well to re¬ 
mark particularly the ftate of the 
atmofphere with refped to other cir- 
cumftances, as well as to its heat. 

Sailors have a cuftom, in'a calm, 
to hold a wet finger up into the air, 
and if one fide of it, in drying, be¬ 
comes colder than another, they ex- 
peft wind from that quarter. This 
cuftom is not without its foundation j. 
for an almoft infenfible motion of 
the air will evaporate the water 
from one fide of the finger fooncr 

than 
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than from another, and thus pro- 
diice a degree of cold. ^ 

^ There is a fimilar experiment, hy 
which any one may convince himfelf 
that cold is produced by evapora¬ 
tion ; let him wet a finger by putting 
it in his mouth, and then hold it up 
in the air, even in a warm room 
where there is «o current of air, he 
*will find that it grows cold as it be¬ 
comes dry by tlie evaporation of the 
humidity. 

The method our gentlemen make 
ufe of to cool their liquors, is to 
wrap a wet cloth round the bottle 
and fet it in the land wind: and, 
what is very remarkable, it will c^ol 
much fooner by being expofed tfius 
to this burning wind, than if you 
^take the fame method, and fet it“ in 

;thc 
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the cold fea-breeze.”‘^'—The cold 
is ^produced by the evaporation of 
the water from the wet cloth, and 

f 

the hoi land-wind will evaporate the 
water fooner than the cold fea-breeze, 
it is not to be wondered at, that the 
liquor is fooner cooled when placed 
in the former wind than in the latter* 
Kempfer relates,^ that the winds 
are fo fcorching on the borders of 
the Perfian gulph, thaw travellers are 
fuddcnly fuffucated, unlefs they co¬ 
ver their heads with a wet cloth j 
but if this be too wet, they immedi¬ 
ately feel an intolerable cold, which 
would become fatal to them if the 
moifture were not fpeedily diflipated 
by the heatd'j The cold, which is 
I pro- 

* Ives's Voy. p, 77- 

t TrejLtifeof Phylic by Zimmerman; Volo 
IL p. 15 
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produced by the aft of evaporation, 
eeafes as foon as that is finifhed, by 
the cloth becomine: dry. 

The manner of making ice in the 
Eafl Indies, has an evident depend¬ 
ence on the principle of producing 
cold by evaporation here mentioned. 
On large open plains the ice makers 
dig pits about go feet feuare nn,d % 
deep i they ftrevv the bottoms of 
thefe piis, about eight inches or a 
foot thick, with fugar canes, or with 
the dried ftems of Indian corn. 
Upon this bed they place a number 
of ungl-izcd pans, which are made of 
fo porous an earth, that the water 
penetrates through their whole fub- 
Itance. Thefe pans, which arc 
about a quarter of an inch thick, 
and an inch and a quarter deep, arc 
5 Iled, towards the du(k of the even- 

ing 
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sng in the winter feafon, with water 
which has been boiled, and then left 
in that fituation till the anorning, 
when more or lefs ice is found in 
them, according to the temoerature 
of the weather 5 there being more 
formed in dry and ^^var 7 n weather, 
than in that which is cloudy, though 
it may chance to be colder to the 
feel of the human body.^- Every 
thing in this procefs'Ms calculated 

to produce cold by evaporation i the 
bed on which the pans are placed, 
fuffers the air to have a free 
paffage to their bottoms, and the 
pans, in conftantly oozing out 
^ater to their external furface, will 
be cooled in confequence of that 
water being evaporated by a gentle 

I 

ftream of warm dry air, the power of 

the 

i- 

Philof, Traiif, for i775j.p» 252, 
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the air to evaporate water depending 
much upon its warmth and drynefs. 
They have a kind of earthen jar 
in fonie parts of Spain, called Buxa~ 
ros which are only •half baked, and 
the earth of which is fo porous, that 
the outfide is kept moift by the w’a- 
ter filtering through ; though placed 
in the fun, the water in the pots re- 
mains as cold as ice and it probably 
is colder fronj the jar being placed 
in the fun, becaufe the evaporation 
is thereby increased. 

The Blacks at Senegamhia have a 
fimilar method of cooling water. 

They fill tanned leather bags with 
it, and hang them up in the fun; 
the water oozes more or lefs through 
the leather, fo as to keep the out¬ 
ward furface of it wet, which, by its 

quick 

Swinburne’s‘Trav. p. 305. 

VOL. III. I 
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quick and continued evaporation, 
occafions the water within the bag 
to grow confiderably cool/'-)- 

It is common enough for labour- ^ 
ing people, in the height of fnmmer, 
to drink feveral quarts of beer or 
other beverage in a day; this quan¬ 
tity is principally difcharged from 
the body by perfpiratiori; and the 
cold which is ft^nerated durin" the 
evaporation of the fwear, greatly 
contributes to keep the body cook 
Thus has Providence contrived to 
render the heat of the torrid zone 
lefs infnpportable to the inhabitants; 
an intenfe heat bathes the body in 
fweat, but the fweat being evaporated 
by the fame heat which occafioned 
it, a degree of cold is generated on 

the 


f Philof, T.anf. 486. 
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the furface of the body, which would 
not otherwife have been produced. 

It feems reafonable to attribute 
the cold, which is produced in thefe 
and other fimilar ^ircumftances, to 
the evaporation of the water, rather 
than to any other caufe ; becaufe 
when the bulb of a thermometer is 
wetted with different fluids, tlie cold 
produced has 4 manifeil dependance 
on the evaporability of the fluid 
with which it is wetted. Thus, 
more cold is produced when the 
thermometer is wetted witli fpirits 
of wine, than when it is wetted with 
water, becaufe fpirits of wine are 
more evaporable than \yater; and 
more is produced when it is wetted 
with ether, than with fpirits of wine, 
becaufe ^ ether is more evaporable 
than fpirits of wine. No cold is pro- 

I 2 duced 
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duced v/hen the thermometer h 
faieared with linleed oil, or other 
oils of a fimilar nature, becaufe thefe 
oils are not fenfibly evaporable in 
the ordinary heat pf the atmofphere. 
Strong acid of vitjiol when expofed 
to the air, inftead of Jofing.any thing 
of its weight, acquires an increafe, 
by attrafting the humidity of the 
atmofphere 3 and as ftrong acid of 
vitriol v;hen mixed widi water, ge¬ 
nerates a degree of heat, fo the bulb 
of the thermometer, when wetted 
with ftrong acid of vitriol, inftead 
of being cooled, is wanned, and the 
mercury afeends, in confequence of 
the heat produced from the union 
of the acid of vitriol with the v^ater 
contained in the air. 

When water is refolvcd into va- 
pour, by the violence of a fall from 


a con 
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a confiderable height, the air will 

diflTolve it fooner ; and in difiblving 
it fooner, it will, probably, produce 
more cold than it would have done, 
if the furface of the water had not 
been broken : hence natural and arti¬ 
ficial cafcadcs, itiay, probably, be fer- 
viceablc in coolinn; the air furround- 
ing them. This obfervation is pur- 
pofely expr«*lfcd in difierent terms, 
becaufe, having more than once fprin- 
kled the lioor and fides of a room 
with water in the fummer time, 
when the heat of the air in the room 
and of the water was 68 degrees, I 
could not obferve that a thermometer, 
hung in the middle of the room, 
changed its degree of heat whilft: 
the room grew dry. In very hot 
climatee the efFpft may, probably, be 
(JffFerent j thus we are told, that in 

I 3 the 
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the ifland of 6V. Lewis^ in the river 
^enegal^ water poured on the floor 
of a room for the pnrpofe of cool¬ 
ing the air, is dried up in an inftant, 
and there is /c7m 'ef'eFt on.'the thermo- 
meter placed in fuch a room,”^ 

This phenomenon of producing 
cold by evaporation, had been men¬ 
tioned by M. Amoyito'jiis in the year 
16^9. j It had been noticed alfo by 
M. Mairan in 1749,^ hnd by Muff- 
ehenbroeky in his Eflal de Phyfique. 
Profefibr Richmariy at Peterfburgh^, 
gave an account of feveral experi¬ 
ments, which he had made on this 
fubjeft in 1747 and 1748,11 but he 

did 

* Philof. Tranf. 1780. p. 485. 
f Mem* de 1 ’ Acad, des Scien. a Paris, 
1699. 

I Diflertation fur le Glace. 

|j Novi Coniment. Petrop. Tom. I.- ror 
J747 and 1748, 
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did not explain the finking of the ‘ 
Dnercury in the thermometer, whilfl: 
its bulb grew dry, on the principle - 
of evaporation. Dr. Cullen has very 
particularly illuftrated this principle, 
in a paper publiflied in 1756; and 
he has there Ihev/n that the cold 
produced was greater, when the 
evaporation was made in vacuo, 
than in the a^f?en air.* Laftly, Pro- 
fclibr Braun ^ to wliom the world is 
indebted for the difeovery of freezing 
qiiickfiiver, has made a further in- 
vefligation of this matter, by pub- 
lifliing a table of the degrees of cold 
produced during the evaporation of 
different fluids.j“ 

During the folutlon of falts in wa¬ 
ter 

^ EiTaJrs, Ph/fical and Literary’, Vol. 11 . 
Mnb. 1756. p. 145. 

T^ovi Commen. Petrop. Tom. X. 1764, 

I 4 
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ter either cold or.heat is generally 
produced, but more commonly cold. 
Fixed alkaline falts, Glauber’s fait, 
and white vitriol, produce fmall de¬ 
grees of heat during their folution. 
Sal ammoniac produces the greatell 
degree of cold, of any frdc liithcrto 
known. 

When Fahrenheit’s thermometer, 
flood at 68 degrees,'..both in the 
open air, and in the wai;er which was 
ufed for the experiments, I faturac- 
ed equal portions of water with fal 
ammoniac, with faltpetre, and with 
fea fait. The fal ammoniac made 
the mercury fink from 68 to 42 de¬ 
grees, hence, 26 degrees of cold 
were produced ; the nitre produced 
17 degrees, and the fea fait produced 
only 2 degrees of cold. I repeated 
the experiment with the fc‘a fait fev^e- 

^ rat 
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ral times, and with different forts of 
it, but I could never obferve that it 
produced above 2 or at moft 2i de¬ 
grees of cold. The experiments 
with fal ammoniac and faltpetre, 
agree very well with thofe made by 
M. Eller^ and mentioned in the Ber¬ 
lin memoires for 17 50 3 fincehe pro¬ 
duced almoil 27 degrees with fal 
ammoniac, /hd 18 with faltpetre. 
Boerhaave. indeed, niaJe the ther- 
rnometer defeend through ®8 de¬ 
grees by difiblving fal ammoniac in 
water 3 but he had reduced his fait 
to a very fine powder, and dried it 
well before he ufed it 3 and a differ¬ 
ence in the finenefs of the powder to 
which the falts are reduced before 
they are diflblved, may make a dif¬ 
ference of a degree or two in the 

t *0 

^Id prodCi«€vi'"3 for the finer the fait, 

the 
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the more furface has the water to a£l 

» 

upon, and the quicker will the folu- 
tion be performed j and as the cold 
is produced only by the ad of folu- 
tion, the fooner l^hat is accomplifli- 
ed, the lefs effed will the heat of the 


atmofphere have, in'reftoring to the 
water, during the time of the folu- 
tion, any part of the heat it may 
have been deprived of, during the 
immediate adion of the water upon 
the fait. 


Does any given kind of fait, dur¬ 
ing its folution in water, produce the 
fame number of degrees of cold, 
whatever be the temperature of the 
water before folution ? I have only 
endeavoured to refolve this queftion 
with refped to fal ammoniac, and it 
feems to me that the quantity of cold 
produced, is not influeiiced by tkp 

teri‘j]pe-'’ 
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temperature of the water. In the 
fiimmer feafon when the temperature 
of the air, water, and fal ammoniac 
were each of them 70 degrees, the 
water fank during the foliition, of as 
much fal ammoniac as would fatu- 
rate it, to 44 degrees, or through 26 
dcffrees. I thawed fome fnow in 

c * 

winter, the thermometer flood in the 
fnow water al^he freezing point, or 
at 32 degrees*; by putting fal ammo¬ 
niac, which was equally cold, into 
the water, the thermiometer defend¬ 


ed during folution to fix degrees, or 
through 26 degrees. 

The poflibility of freezing water 
in the middle of fummer, is rightly 
enough inferred from this experi¬ 
ment. In a tub, fuppofe of 3 feet in 


diameter,^b^ a bucket, a little 
thanme tub, of i foot in dia¬ 


meter ; 
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meter; in the bucket hang a Florence 
flafk, or a flat lavender water bottle, 
fo that the mouth of the bottle may^ 

mj 

be above the rim of the bucket: fill 
thefe vefTels with water heated, fup- 
pofe, to 70 degrees. Saturate the 
water in the tub with fal ammoniac, 

then will the 70 degrees of heat be 
reduced to 44, the water lofing, dur¬ 
ing the folution of ti e fair, 26 de¬ 
grees. The water in the bucket 
beingfurrounded with this cold fluid, 
will atfelf be cooled ; fuppofe it to 

be cooled only to 50 degrees, then 
by faturating it with fal ammoniac, 

it will lofe 26 degrees more of its 
heat, and be cooled to 24 degrees. 
The water in the bottle being im- 
merfed in a fluid, heated only to 24 
degrees, will foon be cooled below 

( w 

^hc 

1 
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the freezing pointer 32 degrees, and 
confequently will concrete into ice. 

The cold, in all thefe cafes, is ge¬ 
nerated only during the time of the 
folution. The water recovers the 


tcmpci-atureof the atmofphere fooner 
or later, according as its quantity is 
lefs or greater, and as the furface ex- 
pofed to the air is greater or lefs ; it 
is here fu ppofss^, tliat the heat of the 
atmofphere feijnains the fame. The 
different degrees of cold produced 
by different falt«, do not depend up¬ 
on any general caiife w^hich has yet 


been difeovered, nor is there any 
very fatisfadory reafon given for 
thefe, and other fimilar produdtions 
of cold or heat. The time may come 
when we fhall be able to compre¬ 


hend the ^for|^hy the acid of ni- 
trq/las fucJl^ifferent effeds when 




ent effeds when 
mixed 
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mixed with fnow from what it has 
when mixed with'fnow water ; when 
mixed with fnow water it excites a 
very great degree of heat 5 and when 
mixed with fnow it produces the 
greateft degree of cold that has ever 
yet been obferved Rerum natura 
Jacrafua nonfimul tradit, Initiatos nos 
credimuSy in vejlibulo ejtis haremus. 
Ilia Arcana non from'^^''ue necomnibus 
patent 1 redulia et in in^eriore Jacra- 
rio clauja Junt. Ex quibus aliud h^ec 
ataSy aliud quapoji nos Jubibity adjpi - 
iiet. 

♦ Vol. I. p. 267. 
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OF THE DEGREES OF HEAT IN WHICH 
WATER BEG,:'NS TO PART WITH ITS 
AIR, AND IN WHICH IT BOILS. 


T he air bubbles which, in fum-- 
mer time, adhere to the infides 
'of decanters, water glaffes, and other 
vefiels filled with water, cannot have 
efcaped the obfervation of any one; 
I have endeavoured to afeertain the 
degree o^heai* in which thefe bub- 
' blbegin Verte formed. 


l^^e 


Into 
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Into a water glafs filled with wa¬ 
ter I immerfcd a thermometer; the 
heat of the water was 64 degrees; 
the water was fet in a clofet, where 
the fun never fKone, for two days; 
the heat remained much the fame 
during that period, and there was no 
appearance of bubbles. The glals, 
with the immerfed^ th|^moineter, 
was then fet in the fun, and when 
the heat amounted to ^ibout 90 de¬ 
grees, feveral air bubbles were found 
adhering to the graduated fide of the 
thermometer, and fome were begin¬ 
ning to be formed on the bottom 
and fides of the glafs. 

Having frequently feen the in- 

fides of veffels containing water, 

ftudded with bubbles, when the heat, 

it was apprehended,,jyras.much lefs 

* 

than 90 degrees; I put a thermonte- 

- ter 
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ttr into a watef-gla& at a time when 
it abounded with bubbles, and found 
that the heat of the water was not 
above 64 degrees* 

The refult of this experiment hew¬ 
ing very different from that of the 
preceding, in wHich the air did not 
begin to feparate itfclf from the wa¬ 
ter till the heat was about 90 de¬ 
grees, I was Jor fomc time at a lofs 
how to accoynt for the difference^ 
recollefling, however, that the water, 
which required 90 degrees of heat 
before it parted with its air, was 
pumped from a well fed by a llream, 
which had run four miles in the 
open air; and that the other water, 
which let go its air at 64 degrees, 
was pumped from a well %1 by 
fubterraq^us Iprings, I actrifjuted 
th^differcntfe in the degree o| heat 
v6>, nr. ■ K recnii- 
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Tcquifite to make thefe waters part 
with their air, to the different quali¬ 
ties of the waters. 

In order to try thefe waters under 
fimilar circumffances, two water- 
glaffes were filled, one with common 
well water, another with that which 
had been fupplied by the ftream.; 
on being expofed to the air, bubbles 
began to be formed i^the well wa¬ 
ter when the heat amfounted to 6o 
degrees j the other did not part with 
any of its air in the fame degree of 
heat. 

1 was at firft difpofed to think, 
that thefe experiments pointed out 
a general difference between river 
water and well water, with refpedl: to 
their difpolition for retaining or part¬ 
ing with their air; the *following 
experiment, made at a different fea- 
J fon 
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fon of the year, convinced me that 
the conjedure was not well founded. 

In November, when the heat of 
the air had been for fome time about 
50 degrees, I took tfiree water-glafles, 
one was filled with rain water immc- 
diately after it had fallen, another 
with the common well water, the 
third with the water which came 
from the dreams the heat of thefe 
feveral watert was the fame, namely 
48 degrees: they were all gradually 
warmed, by felting the water-glafles 
in hot water, and they all began to 
exhibit bubbles when the heat was 
about 60 degrees: I thought the rain 
water ihewed the moft bubbles. 

Hence it is plain, that the |tream 

water does -not differ from rsn or 

well wat^, exc^t accidentallj^ as eo 

•the degree of heat in which imparts 
* * 

K 2 . , I with 

^ IS-i 



( 148 ) 

With its liir. The firfl; experitHent, 
ifi which the bubbles were not form- 
till the hedt was 96 degrees, was 
tiiSde after there had been feveril 

f 

days of very hot weather, and the 
water in being expofed, during its 
cOurfe, to the adtion of the fun, had 
probably loft a conftderable portion 
of its air before it ^arrived at the 
well. All fiver water has a vapid 
fiftfe in fulnmer-time^' which is in 
part, probably, occadoned by having 
loft Ibme of its air, in confe^uence 
of’its bfci'Og expofed to the rays of 
the filn. Water-drinkers are dedrous 
‘Of having Water frelh from the well, 
efpetiaily iO Ibmmer-time; and not 
without reafeb, for the heat ib that 
iftalbb beifig^ generally above 60 de- 
gftes at OOr principal meal time, 
Water, if it has been lohg es^pofed 
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CO the air« muft have fu^rn^ t 
change of quality, not only from he 
incre^e of heat* but from a cogle* 
quenc loia of a portion of it# auv 
The water which fupplies the wara^ 
bath at Matlock, and which is drunh 
by invalids* is 6S degrees wartqif 
hence it has loft a part of the ajr 
which it would namrally contatn* 
and* except in very hot weather* it 
does not exhibit any air > bubbles 
in the decanters, 

w 

The air begins tp be vtjtbljt iepa- 
rated when the Heat is about 69 der 


greess but it begins* protuiblf^ ^9 
be imiiJiUy feparated when the held: 


is much leis: and the lefift h^at wilil 
he retpdhte to i^arate it, wIko the 
weightof the atmo^ere is tlfelc^, 
Philuibpben have invent# vafi*<: 


ous methods* equ<dly coocliave* of 

K 3 I fllCW" 
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ihewlng> that water, in its ordinary 
jtate> contains diffolred in it a por¬ 
tion of air. And they have (hewn, 
that water which has loft a portion 
of this air, either by being_/r< 3 ze», or 
heated, or by long continued agitation, 
or by other means, has the property 
of rc-abforbing as much air from the 
atmoiphere as it had left; and they 
have fliewn, that this ablbrption is 
the ftrongeft at firft, and becomes 
lefs and iefs powerful, as the water 
becomes more and more impregnated 
with. air. Thefe and ftmilar oblerva- 
tions render it probable, that water 
Is as capable of diftblving a certain 
%)rtion of air, as it is of diftblving a 
lll^ain portion of any particular kind 
of fait. The quantity of air, which 
water is capable of*diftbli^hg aijd 
retaining in lulution, depends partly 

f' 

upon 
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upon the temperature of the watej^: 
partly upon the weight of the at- 
mofphere, and partly, I conceive, 
upon the water^s purity. From thefe 
circumftanccs, as well as from fbme 
others which might be attended to 
in making the* experiment, it has 
happened, that authors have given 
very different^accounts of the quan¬ 
tity of air contained in water. 
Boerhaave has an experiment %.from 
which he infers, that there may be 
feparated frofti water a quantity of 
air equal in bulk to the watery the 
experiment is ingenioufly contrived, 
but the conclufion, 1 think, i| liable 
to fome obj^eftions. T\it AbblNolUt 
fays, that water whith has btjn pre- 
vioufly purged of air, abforbS in fix 
d^aySj Xinc thirtieth of its lulk 

K 4 

• V 

^ Boer. Ch'cm. VoL I. Jil* 

4 Hiil, d6 l*Acad', 1743.^ 
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htBer Wdles obtained b]r dtftillatioa 
one cubic inch of air from fifty-four 
cubic inches of Water *. Mr. Eller 
is of 4>pifiion that the portion of air 
contained in water does not exceed 
the 150th part of jits bulkf. Dr. 
Priefilty found that a pint of his 
pump water contained about one 
fourth of an ounce meafure of air, 
that i^ the buik of the water was to 
that of the air it contained, as 64 to 
j §. M. Fontana fays, that the wa¬ 
ter of the Seine at Paris, after being 
long boiled, abforbs in forty days 
one twenty-eighth of its bulk of 
common air ILaftly, M. Cavallo 
obftrves, that in a temperate degree 
of heat, and when the barometer is^ 

about 

S'- 

m 

. ♦ Veg* Stat. c* 6. f Berl. Mem. 1750. 

§ Phiiof. Trani^ * 772 > P* ^24831 
i Ph 39 lof^ Ttanfa 1779, p. 439. 
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about 29 i inches> water abfbrbft 
about oae fortieth of its bulk of 
common air *i 

Jt has been remarked in antHher 
place f, that the attA/pberical air cm* 
fids, in part, of ^xed air; and fume 
of the moft ftrikiag differences be» 
tween fixed and atmofphcrical air 
were there mentioned. If a bubble' 
of atmofphcrical air of a definite 
bulk, fuppoie It equal to eleven pints,^ 
be expofed to the adion of a fufli> 
cient quantity of water, >rhich has; 
been purged of its air by boUingj,.; 
the wb^/e of the bubble will, ^ in a, 
proper length of time, be abffrbed 
by the water i but when;aboac|eyeii . 
pints, or even a lefs portion,pave> 
been abforbed, the remainingl part 

f tvill' 

9 - 

* Cavallo on Aii^ zi$* 

t Vol. H* a47t 



( 1-54 ) 

will refcmble fixed air in tfiis—that 
a candle will not burn in it It is 
very probable that water which has 
not been boiled^may have a fimilar 
cfFedl: under certain circumftances. 
—The wells at Ulrecht are from 3 
tO‘ 20 feet in depth; it has been the 
cuftom to make ufe of pumps to 
raife the water, and* they are then 
covered over with a kind of arch. 

c 

When, after a certain period of time, 
the wells are opened, on any^ccounr, 
it is neceffary to leave them un^ 
covered for 12 hours, before any 
perfon defeends into them; whoever 
Ihould venture to go down into 
them fooncr, ^would expofe himfelf 
to immediate death. The air of 
thefc wells extinguifhes candles like 
that acquired from 'fermchtation or 

. eficr- 

♦"Philof. Tranf, 1772, p. 247. 
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cfFervefcence — Stagnating air, 
which has brooded, though but for 
a fhort time, even over running wa- 

» o 

ter, is found to be fo greatly altered 
in its quality, that it will extinguilh 
flame, though itJbe fufficicntly pure 
to fupport animal life. I was in¬ 
formed of this fadl by a miner in 
Derbylhire, who had frequently ve¬ 
rified it by his own experience* In 
order to free a mining diftridt from 
water, they frequently dig for miles 
together fubterraneous aquedudi's; 
fupporring the lides and roof with 
timber or ftone. The moutl|s or 
outlets of thefe aquedufts or J^ugbs 
being below the level^of the dllria 
to be drained, there is a co^ant 
ftream of water flowing thnugh 
thejn. *Fhcfe fougbs are maily of 

fhem 

* Lavoificr’s Blfays, p. ii8. 5 
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them high enough for a man to 
walk upright in thcm> the water 
reaching to his middle or higher, 
and men with lighted candles fre¬ 
quently walk thf-ough them from one 
end to the other, in order to prevent 

f 

obftruftionsi it fometimes however 
happens, that by the falling in of the 
roof, or other accidents, the fough is 
in part dammed up: when this is • 
the cafe, the water beyond the place 
where the obilrudlion is, rifes to the 
roof of the fough, and thus prevents 
a circulation of air, though there is 
ftill a difeharge of water through 
the mouth of the fough. When an 
accident of this kind happens, men 
are fent with candles in their hands 
to find out and remove the ob- 
ftruflion, but before they h^ve walk¬ 
ed fifty yards from the mouth of the 
4 fough, 
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fough, the candles go out, though 
they perceive no difficulty in breathe 
ing, and this extinftion of the can¬ 
dles will take place in 24 hours 
after the ftoppage of the water has 
commenced- 

Fahrenheit^ Boerhaave^ and other 
philofophers had obferved;, that the 
degree of heat, requifite to make 
water boil, was variable according to 
the purity of the water, and the 
weight of the atmofphcre- Within 
the ufual limits of 28 and 31 inches 
in the barometer, Boerhaave was of 
opinion*, that there would be a va^ 
riation in the heat of boiling water;, 
amounting to 8 or 9 degrees. * This 
fubjedt has of late been ekaiiiined 
with great accuracy by Mr. 

and S\r ^George ^Sbuckhurgs ani Mr. 

^ ;Cherfi, L p, rn. ^ 
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Cilvallo has given us the refult of 
their experiments in the annexed 
table, which is formed according to 
the fcalc of Fdhrenfmt% thermo- 
meter *. • 


TAB LE. 


Height of the 
Barometer. 

Heat of boiling water 
according to 

Mr.de Luc S. G. Shuckburjr 

1 * 


Parts ef 

* Parts of a 


a Deg. deg. 

Deg. deg. 

26 

205,17 

204.,91 

264 

206,07 

® 205,82 

^7 

206,96 

206,75 

27lr 

207,84 

207563 

28 

208,69 

208,25 

28.^ 

209»55 

209,41 

29 

210,38 

210,2 8 

29r 

210,2 

211,15 

30 

212 

212 

301 

2l2,79 

212,85 

51 


2ic?,6g 


* Cavallo on Afr, p. 215.“ 
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The following experiment is curi¬ 
ous in icfelf, and it illuftratcs both 
the nature of boiling in general, and 
• what is here advanced relative to 
the heat of boiling jwater under dif¬ 
ferent preflures of the atmofphere. 
I hit upon it maily years ago, when 
i had another obje< 3 : in view. My 
defign was, to exhibit a ftriking in- 
ftance of the increafe of dimenfions 
produced in fli 3 ids by various degrees 
of heat: in order to this, I took 
a large glafs weflel, refembling in 
lhape fuch mercurial thermometers 
as have a bulb at the bottom*; the 
bulb of this veffel held abofve a 
gallon, and the ftem had a fmaH dia¬ 
meter, and was abowe two fg^st in 
6 ^ 
length. Into this veffel I pbured 

bailing 

• • i ^ 

• • 

^ A veffel of this lliapc is ufually (^llcd a 
Matrafs^ 
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fwtiing water> and having filled it 
;up to the very tqp of the ftenjj I 
^corked it'with a common cork ae 
clofe as I could. The water and, 
the cork .were ft firft contiguous to 
- each other: but in a very little time 
' the water began to^grow cold, and aii 
^ it grew cold, it contraftcd itfelf and 
funk very vifibly in the ftem j and 
-thus the firll intentidn of the expeii- 
.ment was fully anfwgred. But an 
unexpefted phenomenon prefented 
.itfelf,—the water, though it was re- 
moved ftom the fire,~was growing 


- cold,**—and had for fomc time in* 
' tirely. ceaftd from boiling, began 
to boil afrefli very violently, the 
^li^les were, large and numerous, 
and continued to afeend into the 
fpace be^cen the furface of the wa¬ 
ter in thf ilem^ and the cork, where 

thev 
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they burft, for above two hours. 
'When a hot iron ivas applied to that 
part of the ftem, through which the 
water, in contrafting itfelf, had dp- 
fcended, the ebullition prcfently 
ceafcd j it was renewed when the iron 
was removed; and it became more 
fhan ordinarily violent, when, by the 
application of a cloth dipped in cold 
■>vater, that part was cooled. There 
is no great difficulty in accounting 
for thefe fcveral appearances: by 
the finking of the water in the ftem 
a of vamum is left between its 
I’urface and the cork; water and othcr 
fluids boil with lefs degree of heat, 
when the preflure on their fur|ice is 
diminifhed; here the prelTurc |)f the 
atmofphere is wholly remov^ by 
means of rite Cork, and the water 
continues to boil, though its lAat be 
VOL. Jit, L *■ con- 
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conftantly decreafing. The interval 
between the water and the cork is 
not, as will be Ihcwn prefently, a 
ferfe^ vacuum \ it is occupied either 
by the vapour ot the water, or by a 
jlnall portion of air, or by both i 
heat incrcafes the elafticity of both 
air and vapour, and thus augments 
the preffure upon th^ furface of the 
water, hence,. the ceafing of the 
ebullition on the application of the 
hot iron; cold ditninifhes the elafti- 
city of air, and condenfes vapour, 
and thus, the preffure upon the fur- 
face being leffened by the applica¬ 
tion of the cold cloth, the ebullition 
of the water became more violent. 

f 

When the water ceafed boiling I 
poured it on the bulb of a thermo¬ 
meter, and found that its heat was 

t 

only I JO degrees. 


Another 
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Another circumftaitce deferring 
of notice remains to be mentioned. 
When the water was become edd^ 
it had funk through the whole ftem, 
and through part of the bulb; I then 
inverted the vei&l which contained 
it, into a tub of water, and obferved 
upon the bottom of the bulb a large 
circular fpot void of water. I con- 
fidered this fpor as a perfect vacu¬ 
um, for it anfwered to the fpace 
which the watg*, in corttrafting it- 
felf, had deferred 5 and the vapour 
which, whilft the water was warm, 
iTiighc have been fuppofed to occupy 
that fpace, I was* perfuadedji was 
condenfed by the coldL: in order to 
fee whether it was a vacuum oi not, 
I pulled^ out the^ cork, whijft was 
under the furface of the waten into 
which the veflel was inverted, Being 

L 2 certain 
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Mltain that if it was a vacuum, it 
would be inftantly filled with water, 
which the prciTore of the atmo- 
fphere would make to alcerrd through 
the ftem. In fatt, the circular fpot 
was greatly diminifixed by the afcent 
of the water, but never (for the ex¬ 
periment was often repeated) taken 
wholly away. What .remained muft 
have contained either air, or fbme 
other fluid, whofc clafticity was a 
eountcrpoife to the prelTure of the 
atmofphere, on the furface of the 
water in the tub. It would be too 
hafly a cohclufion, from this circum- 
ftance, to attribute the formation of 
the bubbles to the particles of air, 
from which Water cannot be fepa- 
rated by long boiling for it may 

be, 

* Licet diu ebullient aqua non erit acris 
expers* Mufcken. dc Aqua» 
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be, that this fmall portion of ait* 
arole from the fubftanc^ of the cork,' 

* 

or from the air in the water of the 
tub, that water haring not been 
boiled; or it may liave been intan- 
gled in the parts of the boiling water, 
as it was poured into the veffel, and 
not have had time to cfcapc before 
the cork was inferted; or, laRly, 
which is the leaft probable fuppofi- 
tion, the vapour arifing from the 
water may not be capable of being 
totally condedfed. 

The phenomenon of the boiling 
of fluids is not very facisfaflorily ex¬ 
plained* It is clear, I think, from 
the experiment of which I havf given 

an account, that it c*annot bd acui- 
" . t 

buted, in all cafes, cither the 

cfcape ‘of air from the interfaces of 

water, or to the matter of fiif, as it 

i.'3 ■ I • is 
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is called, pervading the water; for 
the water continued boiling for two 
" hours after it was removed far from 
the fire s and the air, if it contained 
any, was utterly ‘inadequate to the 
formation of the numerous bubbles. 
Boerhaave h2is remarlied,that bubbles 
of the kind here fpoken of contain 
no air, but he has hot affigned the 
caufe of their origin: Dr. Hooke 
aferibes them to the fu'otlc parts of 
the water, which, when the preffure 
of the air is removed (probably by 
means of an air pump), are able to 
acquire the form of vapours, by that 
fmall degree of heat which is left in 
the ambient air *: and other philo- 
fophers t have ‘ adopted this idea, 
without hinting at, what Hooke fup- 

pofed, 

* See Birches Hlft, of the Royal Society, 
f The Abbe Nollet and Dr» Hamilton, 
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pofcd, a different degree of volatility; 
in the parts of the water. 

From what has been advanced we 
may conclude, that the Almighty^ 
when he feparated the chaotic mafs 
into air and water, did not render 
thefe two oceans of matter fo wholly 
heterogeneous from e‘ach other, as 
that they Ibould be incapable of con- 
trafting any union together; they 
have, on the contrary, fuch a difpo-. 
ficion to unite, as feems to indicate 
their having h^d a common origin; 
and were it not for the intervention 
of heat, they would, probably, unite, 
and again compofe a common.mafs. 
The water on the furface of the earth, 
is conftantly replete With air, aed the 
atmofphere is replete with jvatcr. 
The nwncrous .tribe of aquatl| ani- 

L 4 ^mals, 
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* * 

ifiais^ which inhabit the ocean of 
would pcriih, if it contained 
no air; and it is not an improbable 
conje^ure, that the animals which 
exift in this occafl of air, would pe- 
rilh if it contained no water. The 


air, moreover, by being abforbcd 

« 

into the water, and afterwards fcpa- 
rated from it by the af^ion of the fun, 
to which it is daily expofed, is ren¬ 
dered abundantly more Ht for animal 
refpiration than common air; and 
this purified air (the i,uantity of 
which, confidering the great extent 
of the fiirface of the earth which 


is covered with water, muft be very 
confiderable) cannot but be one great 
means of reftoring to the whole mals 
of air, thofe falubrious qualities of 
which it is daily deprived^ ‘by the 

rejp- 



( 1^9 ) 

njpiration of animals, the putrefac^ 
tion of bodies, the €ombuJH(m of fucl^ 
and other caufes 

^ Dr. Priefliey has obferved, “ that the 
fame water, which, if examined immediately, 
gives only a fmalh quantity of bad air, yields 
fpontaneoujly about ten times the quantity of 
pure dephloglfticated air, after Handing fom« 
time expofed to the fun'^ Phil. Tranf, 1779, 
p. 3 7 7. An animal will live five times as long 
in what is called here dephlogifticated air, as 
it will in cominofi air of. the beH quality. 


ES$AY 




ESSAY VI. 


OF WATER IN A SOLID STATE J OF 
THE heat of spring WATER J 
AND OF A Probable cause of 
THE impregnation OF SULPHU¬ 
REOUS. WATERS. 


T H E mind of man admits with 
great reluftance, the truth, of 
every teftimony concerning matters 
of fad:, which happen to be repug¬ 
nant to the uniform experience of 
his fcnfes j hence the general bjick- 
. 1 . wardnefs 
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wardnefs to believe the miracles re¬ 
corded in the bible j and hence the 
Dutchman who informed the king of 
Siami ' that water in his country' 
would fometinr/es, in cold weather, 
be fo hard that men walked upon it, 
and that it would bear an elephant, 
if he were there, was efteemed a per- 
fon unworthy of credit, the king, as 
Mr. Locke relates the ftory, faying to « 
him, Hitherto I have believed the 
ftrange things you have told me, 
becaufe I look upoh you as a fober 
man, but now I am (*ure you lic^ .” 

Mahincj the native of Borahra^ 
could fcarcely be perfuaded, even by 
the information of his fenfes, of the 
reality of the'fame efieft. The ap¬ 
pearance of white ftones,^' as lie 

called 

* Locke’g Efiay on the Hum, Uni B, lA . 

C. XV, A 
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called hail, which melted in hb 
hand was altogether miraculous to 
him; and when he had been with 
^difficulty convinced that an exten- 
five field of ice w 3 s not common 
land, he was determined at all events 
to call k white land,” by way of 
diftinguifhing it from all the reft 
This determination of the favage 
was made In the true fpirit of phi* 
lofophy, for Tee in fmall particles is 
a fpccies of earth, and in folid maffes 
it may be confidered as a kind of 
tranfparenc ft one- waters, fays 

Job f, fpeaking of the effe£t of froft, 
are hid as with afioney that is, water 
conceals its nature, by aflumtpg a 
ftonedike hardnefs and confiftcncc 
;when it becomes ice. The Ruuians 

4 

api)lied 

k c 

* Forfter’s Voy. Vol. I. p. 530. 
f Chap, ssxviii. 30* 
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applied ice to the fame purpofes 
with ftone, at the whimfical mar¬ 
riage of Prifice GalluzeHj in 1739; 
an houfe, con filling of two apart¬ 
ments, >vas buift with large blocks 
of ice, -the furniture of the apart¬ 
ments, even to the nuptial bed, was 
made of ice; and the icy cannon and 
mortars, which were fired in honour 
of the day, performed their office 
more than once wirhoiit burfting*. 

Ice, however, differs from all other 
earths and ftones, not only in its 
melting in a much lefs degree of 
.heat than any of them, but in its 
being fubjedt to a conftant diminu¬ 
tion of its weight when expofed to 
the open air, in the greateft degree* 
of cold. It generally becomes fluid 
in the 33d degree of heat, as indi- 

caced 


* Manftein’s Mem< of Ruflia. 
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t:ared by Fahrenheit's thermometer,i 
and Mn Boyle, by expofing in a 
good balance fomewhat lefs than two 
•ounces of ice to a fliarply freezing 
air, a little before midnight, found 
it in the morning diminilhed in 
weight ten grains It is probable, 
that this diminution of the weight of 
ice, is owing to the abrafion of its 
parts by the aftion of the air. The 
particles of dir are thought to be 
larger than the particles of water, 
and may by tlieir motion acquire 
force enough to feparate the particles 
of ice j or if this fhould not be ad¬ 
mitted, it muft be remembered, that 
the air always contains a great Quan¬ 
tity of water, the particles of M^ich, 
when converted into particles c$ ice, 
though In this country they arf fcl- 

kiom 

* Boyle’s Works, Fol, Vot, III. p. i66. 
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"dom large enough to be leen> always 
make themfelves felt by impinging 
upon , our Ikin: thefc icy particles 
when put in motion may abrade the 
furface of a mafs of ice, and eaufe 
thereby a conftant diminution of Its 
weight. In confirmation of this ex¬ 
planation it may be obferved, that 
ke fuffers no lofs of ^ its weight in a 
veffel devoid of air, nor in a clofe 
veffel full of air*^. That the icy 
particles, contained in a freezing at- 
mofphere, fhould be able to a6t upon 
ice, cannot be a matter of difficult 
conception to thofe who recolleft, 
that the hardeft bodies in nature 
fulTer a diminution of their weight, 
by the fridioh of the minute parts 
of the fame Jcind of bodies 5 dia- 
, ■ mpnd 

. * Hamilton on the Afccnt of Vjipour^ 
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mond dufl: being eflcntially necef- 
fary for the cutting or polilhing of 
diamond$. 

That water was diminifhed ih 
quantity by being frozen, was l^own 
to Hippocrates •, for he exprcfsly fays, 
that if a given quantity of water be 
frozen, and afterwards thawed, it 
will not fill the fame veflel it would 
have done before it was frozen 
Pliny was of .the fame opinion with 
Hippocrates, and they both of them 
attribute this diminution of weight to 
the reparation of the more fubtile 
parts of the water during congela¬ 
tion j" . The principal caufe of the lofs 
of weight, fuftained by water fthen 
changed into ice, feems to b4 the 

inc^anc 

* Hippoc. dc Aqua, t 

f Plin, Hift. NatC Lib. II. S. 6i. f Lib. 
XXXI. S. 3. * 
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^ihcellknt adtion of air upon its Air- 
face : it is true, however, that water 
is, by freezing, deprived ofthe great- 
eft part of the air with which, in its 
) fluid'ftate, it is (jrdinarily faturated j 
. and this reparation of its air may 
- contribute ' fomethlng' towards the 
' diminution of the water’s bulk; fince 
water, when faturated with air, is 
fomewhat greater in bulk than when 
deprived ofit. c 

It is eaiy to apprehend, that the 
lofs of weight which any given quan¬ 
tity, fuppoft a cubic foot, of ice will 
fufFer by enpofure to the air in a 
given time, will depend, partly upon 
the hardnefs or foftnefs of the ice, 
-partly upon' the temperature of the 
Atmofphere, with relpeft to the de¬ 
grees of cold and humidity, partly 
rpotfjhe velocity of the wind.which ■ 

< brulbes 
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'brulhes jts ' fttrface, anU 'probably 

'enough upon’the agency of other 

' caufes vrith which we arj? Icfs ac~‘ 

•quainted. Some philofophers have 

eftimated, in general terms, the lol's 

of weight fuftained by a cenain' 

■weight of ice; without fpecifying the 

Tnagnitudeorthe ice’s forfacej others, 

with more accuracy, have mentioned 

both the weight and furface of the 

ice expofed ^,0 the air, bufthen they 

have cither omitted to ipeak'of the 

ice’s confifteivy, the temperature-of 

tlie atmofphere, theforce and direction 

of the wind, or they have e^prefle'd 

' themfclves in very indefinite >terms 

* 

concerning thefe points, fo that we 
cannot be faid to Jhavc hilherto 
gained, from their experiment|, any 
j, predfc information upon the fi|yjcft. 

- As*to the fait i'tfelf, the moiticomr 

\ 

I moTJ 


.M -2 



( i8o ) 

mon obfervation is fufBcicnt to al- 
certain us of its truth. In Jong con- 
tinuedfrofts, the icc formed in ponds, 
and other finall colleftions of water, 
is fcnfibJy diminilhed every day, 
^ and often wholly" evaporated ; and a 
fall of ihow may bp feen confider- 
ably watted in a few days, in the 
fcvcrcft feafon. 

Nowithftanding tlijs diminution 
of weight, to which both ice and fnow 
arc fubjectt in the coldett weather, and 
the thaw which they experience in 
the hotteft, yet fome have doubted 
whether the quantity of congealed 
water be not an increafing quantity 
upon the furface of the earth s and 
have even thought, that the globe 
of the earth njuft i n procefs of time 
refembic an egg, having its diameter 
from pole to pole, longer than jhe 

cqua- 
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equatorial diameter, on account of 
the conftant accumulation of frozen 
water at the two poles.—After fo 
many years lapfe, it cannot be, I 
think, but that the diameter of the 
earth from pole to pole, from the* 
top of the fno*w at one end of the 
earth, to the top of it at the other 
end, is much longer, than in any 
part under th*e equator, though at 
the creation# it were, (as I believe) 
made fpherical 

In Tome ii'tountainous countries?, 
the proportion between the fnpw 
which falls at one feafon of the year, 
and that which is diflblved in an- 
other, approaches fo near to an 
equality, that upon, the farne fpor, 
the fnow may in one year |>e feen 
quite through the year, in Another, 

the 

* CUiUrcy.’s Erie. Bacon, p,>i48, 

M 3 
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the Jaft Ipeck of h will’ vanilh in a 
^ few weeks or days, .before a new 
fupply is brought by the approach’ 
of winter. In colder climates, the 
utmoft power of lihe fummer fun is 
not able to melt all ;he fnbw which 
fells in the winter. , In. afcending 
mount Etnay the ^Ips, or the Andesy. 
though the lower parts are found to • 
be rich in vegetation, yet you foon 

' f 

cpme. to a region covered, as it 
Ibould feem, with everlafting fnow:. 
the heigh.t at which this region com¬ 
mences, does not admit much varia¬ 
tion in the feme latitude, but is very. 
diiferent in different latitudes. It 
begins at the diftance of near three. 
miles above the level of the Tea, un¬ 
der the equinodial line ; and at each, 
pole, probably, it is’ not removed 

I 

from that level, fo many hundred 

feet; 
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it is found to be 600 yard& 

^ ^ > 

nearer to the level of the fea at Tene^ 
Ttffe than under the equator j, and 
above 1200 yards nearer-in Switzer^ 
land than at 

Not only the tops pf high mdun^ 
tains in every quarter of the globe 
are covered at all feafonsof the year 
with fnow, but the ocean both in the • 

t 

northern and fouthern hemifpherc is, 
in high latitudes, replete >vitK im- 
menfe mountains, and cxtenfive plains 

• of 

* Hifto, • Nat* dc5 Glaciers Saiffe— The 
author fays, enfin la plupart dcs Moftta^^nes 
voifincs des poles font coitvcrtc^ jvifqu’a leiir 
pkd dc neiges pei^etuelles, Thk^obferva* ^ 
tion muftnotbe admitted without r^ridtion, 
if it be at all-true) Unce i n Oreenlai^, and in' 
the latitude 79 degrees 44 minutes r^rdl, the 
^^eet of the mountains are in certainfcasmsfreed f 
from fnoftr^ See Ccantz-^s Hifi. of Gifeenland, 

« 4 ^ < T 

Vol. I, p, 30* and Phipps’s Voy. fl 5^ \ 

' j 
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of ice, in the greateft heats of fum^ 
mer j and hence it has appeared pro- 
^ bable to many, that both the fnow 
upon the land, and the icc upon the 
fea, receive an augmentation every 
ryear, from the continued agency of 
the fame caufc which firft produced 
them. 

A philofopher, well acquainted 
with the nature of the Alps, expreffes 
himfelf upon this fubjefc in the fol¬ 
lowing manner : “ One cannot doubt 
concerning the incre^fe of all the 
Glaciers of the Alps; for their very 
exiftence is a proof, that in prcccd- 
ing ages the quantity of fnow which 
has fallen during the wdnter, has ex¬ 
ceeded the quantity melted during 

the fummer. Now not only the fame 

0 

caule ftill lubfifts, but the cold, oc- 
cafioned by the imfs of ice already 

formed, 
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formed, ought to augnlent it ftill 
farther, and thence both more fnow 
ought to fall, and a lefs quantity of 
> it be melted If this be admitted, 

the time will undoubtedly come 
when the fea will be diminilhed in 
cieprh, if not dried up by the con- 
verfion of the water, which is daily 
raifed from it, into fnow or ice i and 
had the world been as old, as Ibmc 
are fond of foppofing it to be, we 
fliouid, probably, have had no wa¬ 
ter upon its fifrface at the prefent 
day- However, it muft be owned, 
that no arffumenc can be drawn a- 

O 

againft the antiquity of the wforld, 
from this confidcration, becaufe there 
is reafon to believe th!it the ici and 
fnow upon the furface of the ^arih 
are not annually-increafing in quan- 

•.«y. 

De Luc dc rAtinofplicrc, Vbl. 11 . p| 3»8, 
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tity; Fory befides the heat of the air ' 
in- fummery there is another caufe' 
which tends to prevent an indefinite 
au^ncntation of congealed water—" 

the internal heat of the earth. The 
general heat of the fprings of Water, 
lituated-' deep in the bowels of the 
earth, is 48 degrees ; inoiountainous ■ 
countries, 1 fufpe^f it to- be Ibme- 
what Icfs, but fufBcient,- notwith- 
ftanding, for the purpofe here men' 
tipned. When the fnow>-incum¬ 
bent on any li)Ot of ground, is but 
thin, .it may To far cool the earth, 
that its internal heat may not be able 
to dilTolve it; but when the bed is 
thick enough to- protcft the earth 
from the influence of the - atmo- 
fpliericaj cold, that furface of the 
fnaw which is conti^ous to the fur- 
face of the earth, may, even in the 

coldeft 
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foldcft winters, receive more heat* 
from the earth than^it does cold from 
the atmofpherc, and, on that foppo- 
lition, I fee no abfirrdity in admitting, 
that it may be diffolvtd at all Icafons ^ 
of the yeafrf 

The faft I believe is certain, that. 
ftreams of water ifllic froni the bot¬ 
tom of the dmers m ihz Alps^ iti 
*the greateft feverity of winter 5 fo 
that whether the* internal heat of the - 
earth be admitted, or not, as a caufe 
fufHcient to explain the phenome-' 
non, a conftant thaw of the ice or- 

J'now, which is contiguous to the 
furface of the earth in the Alpa, can*<- 
not be denied; and this, addC^ tor 

• ^ i 

other caufes, may render it probaole 
that the quantity of congealed water 

has its limit, even* in the coldeu tKi*- 

1 

mates, I ■ 
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The ordinary heat of fpring water, 
■which docs not feel the viciffitudes 
of the temperature of the atmo- 
fphere, is here laid to be 48 degrees 
ofFahrenheitVthcrniometcr; it may 
be worth while to add a few remarks 
on this fubjeft. 

In Auguft tyySy when the heat of 
the air was 72 degrees, I tried, on the 
fame day, the temperature of feveral' 
fprings, reputed cold* in the neigh¬ 
bourhood of Matlock \ and I found 
them varying in lieac from 50 to 
54 degrees. This variation, pro¬ 
bably, proceeds from their fubterra- 
neous paflages being fuuatcd at dif¬ 
ferent diftances from the furface of 
the earth, which was then much 
warmed by the heat of the fummer. 
Or it may proceed’from the fpnngs 
'being more or lefs mixed with the 


water 
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water which fupplies the warm baths, 
the heat of that water being 68 
grees. There is a Ibbterraneons 
paflage upon the fide of the hill near 
^he new bath at Matlock, which ter¬ 
minates in a Ijrge (Javern, fituated 
under one of the fields in the midway 
between the new and the old bath j 
and from this cavern, which is always 
full, ilTues the^warm water which 
fupplies both the barhs^ and it may 
probably ooze but in different direc¬ 
tions, and in different quantities, fo 
as to make the neighbouring Iprlngs 
participate moreor lefs of its warmth. 

At Lo 7 ^d Godol^hin^ houfe on Geg- 
magog hills, near Cambridge^ therle is 
a well, above 230 feet in de]|th, 
which is dug through a firatumi of 
chalk I have frequently examilied 
the dieat* of the Vrater of this ^ell, 

3 «nd 

m —^ 
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ead coidtand]r found it to' be 50 
' degrees. At Cherry ISntony a village 
iituated at the bottom of thefe hilJt) 
there iiTues' from the chalk ■ a very 
copiousfpring; theheatof this water, 
as it bubbles out of khe earth, is, at 
all fcafons ’of the year, go degrees. 
I have tried the heat of fome deep 
wells dug in chalk at Bury St, Ed~ 

. fuund’s, arid found k variable from 
-50 to 52 degrees^— “It has 
been long and generally oblerved, 
that as far as the linjeftone extends, 
that tradb ground mdces the fnow 
■that falls on it, thaw or-melt fooner 
. than it does'on the neighboutlng 
•lands*.” This is Mr. Boyle’s ob- 
-fervatiqn conperning feme limeftone 
.land in Ireiaod, and he fays its trutb 
-was conhrmed to him by avDerby^ 

■ t Beyle’s Works, Vol,. IV. p. *78. 
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r^ire miner, who affered Ikn, 

< on contiguous diftri^ts oFland,* fndir 
was obferved to didbive much IbotU 
er on the foil which covered* lime- 

• 

ftone, than on; that whifch- 
■ frceftone. If mcfeotjfervationsmay 
: be depended on,, wc-may, perhaps, 

. in general infer that the heat of cal> 

- careous ftrata is greater thafi that of 
other kinds oMrata,'and' this wobld 
furnilh a reafpn for thefprings in 
chalk countries being of the warmth 
of 50, thoughithe ordinary heat 
of iprings be not'above- 48 dC^ 


grces. 


In the middle of' fumraer, whet 
• the air was ya* degrees- hot, I'ltt'ied 
' the heat of fomc fprings at Har^w* 
:-gate in Yorkfiiire. Pump-'wetel- at 
- the Graijly Inn 148 degrees.-^-iOld 
:SpaV 45 degrees.—PfwV or SlwV 
•' ■ ' ,2 ' . '"iVcfl 
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wtll 48 degrees,—Sulphur well 50 
degrees. The cold well at Buxton 
examined at the fame time of the year 
was 48 degrees, and the famous Spaw 
at UanrhardW in Beniighjhire was 
alfo 48 degrees; St. red's well, 
at Holywell in Flintihire, was con- 
fidcrably warmer, the thermometer 
when held in the fpring as it rofe 
out of the earth, ftanding at 54 de¬ 
grees. I have tried a great manv 
other fprings in different parts of 
Great Britain, and fgund the heat of 
moft of them to be included be¬ 
tween the limits of 48 and 54 de¬ 
grees, the mean of which is 51. 
Springs on the fides of high moun- 
t«ns may, probably, participate of 
the cold which is found to be greater 
in elevated than in low fituations. 
There is a fpring by the fide ofrthe 

turn- 
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Turnpike road leading oi)er the higk 
ground called Oilty Sbevin in York- 
fiiire; I obfrrved the heat of this 
fpring in September, wheh tbfe air 
was warmed |to 6 a degrees^ to be 
not 48, but only 45 degrees. The 
mean heat of fpr’ihgs near Edinburgh 
is faid to be 47^ and at Londm 51 
degrees *: this diverfity depends# 
probably, on the different elevations 
of London and Edinburgh above 
the level of the fea. 

I have menttened the Sulphur well 
at Harrowgate^ according to its ufual 
appellation at that place, without 
taking upon me to decide the Jong 
controverted queftion, concerning 
the exiftence of fulph\3r in th^ and 


other waters of the fame jkind. 
Sulphur be^n long efteertjed a 

N 


VOL. Ilf. 


* Fhilof* Tranf. 177J, p. 460; 
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mineral body very common to be 
met with in waters; and all thofe 
waters which have a ftrong fetid 
fmell, refembling that of a foul gun, 
have been efteemed to more or lefs 
impregnated with fulphur. How¬ 
ever, Dr. Ihffman feems to doubt 
much of its cxiftence in the greater 
number of fuch waters; and Dr. 

r 

Lucas has affirmed, that it is not to 
be found in the form of fulphur in 
any water whatever; not even in that 
of Ah-la-Cbapelky where a true and 
perfed fulphur is found on the up¬ 
per parts of the conduits through 
which the water paffes; for he fays, 
that, ftriftly fpeaking, thefe waters 
do not contain fulphur fubftantially 
diflblved in them, but are impreg¬ 
nated with a phlogifton and an add, 
the principles of fulphur; which be- 

ing 
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ing in a volatile ftate, arc fublimcd^ 
meet on the furface of the conduits, 
and there unite into a true and per* 

' feft fulphur, which did not naturally 
cxift in the vfsiter^,^ The author, ^ 

from whom I have made this ex- 

• . 

tract, informs us, that Dr. 
maintains the exiftence of fulphur 
in mineral wate/s j and that both Dr. 
Sia^ and Dr. Sbffr/ found fulphur in 
Harrowgate <^ater. Notwithftand- 
ing the teftimony of fuch eminent 
phyficians, the’more recent opinion 
of a phyfician, whom Dr. Monro 
confulted on the fubjeft in 1768, is 
againft the exiftence of fulphur in 
fuch waters. “ I have taken parti¬ 
cular notice of every appearance of 
the Harrowgate waters, and j^uft 
• » a Wn 

f 

Monro on Mineral Waters, Voh 50 
196. ■ 5 



... ( * 9 ^ ) 

own I never obferved any appear¬ 
ance of fulphur floating in them, nor 
any feum at the top of the well j nei- , 
ther could I meet with any perfon 
' in that quarter, who remembered the 
* appearance of real fulphur fublimed, 
upon taking up the ftones at the 
bottom of the well, as mentioned by 
Dr. Neal^ J *^—I be^ leave to add 
my own obfervation pn the fubjefl, 
which I made in 1780. The water 
in the well rifes into* a circular ftone 
bafon; a whitifii cruft adheres to 
the ftone, where it is contiguous to 
the furface of the water j 1 feraped 
off* a portion of this cruft, and put¬ 
ting it on a hot iron, I found that it 
burned with the flame and Jmell of 
fulphur* I do not think that this 
experiment abfolutcly warrants ’us to 

con- 

* Monro on Mineral Waters, Vol, I, p, 196. 
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conclude, that aSuai/ftlpbur is cofl> 
tained in this and other waters ge- 
uerally d^noranared fqlphqreou^i 
juftly iafer fronci it, that fome- 
thing is Aiburned •from the wat^r, 
which either of itfelf is fulphur, or 
which in conjnnftion with the air, 
or fome other principle, confticutes 
fulphur. 

The profecution of this fubje£l 
would lead fo fpecularions too ab- 
ftrufc for my defign | the following 
experiment, however, w’hich I have 
frequently made, will, I hope, throw 
no inconfiderable light on the caufe 
of the impregnation of fulphi^cous 
waters in general. 

The acid of vitriol does n^t aft 
upon the common Derbyf^ir^ lead 
one, except when it is by 

bear, it then diffplves it, and ^^rear 
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efcape of air is obfcrved: I made 
this air, as it was difcharged from 
the ore, pafs through a high-bended 
tube into a bottle full of pump wa- 
r rer: the water, in a vlry little time, 
acquired the fetid Jmell of Harrow- 
gate water,—its tafte was the fame 
as that of fuch fulphureous waters 
as contain no fait,—it was perfedly 
travjpoi^enii but in the courfe of 24 
hours it became cloudy^ and loft moft 
of its fmell,—it did not fufFer any 

(I * 

precipitation by the addition of the 
acid of vitriol,~J;/zfer was blackened 
both by being put into this water, 
and by being expofed to the vapour 
which arofe from it 1 froni all thefe 
circumftances, it may properly 
enough, 1 chink, be called an arti¬ 
ficial fulphureous water. 

I have obfcrved the fame pheno¬ 


mena 
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mena when^ inftcad of lead ore, I 
ufed Mack jack; and I remember 
thac once having placed a bbttlcj 
containing black jack and acid of 
vitriol, fo tha^its neck leaned againft 
a plaiflcred wall, I obferved fome 
days afterwards, that the wall was 
ftained, to the diftance of above a 
foot from the^ mouth of the bottle, 
of a purple colour, refembling the 
purple fedimfnt often found in ful- 
phureous wells* 

Air of the Icind here fpoken of, 
may be feparated from other fub- 
ftances, as well as from lead ore and 
black jack, and by other means, asr 
well as by the acid of vitriol and 
it feeins very probabfe, that the wa« 

Vi 

ters iifunlly called fulphiireou& are 

iinpreghated with this kind of air, 

which has been feparated, the 

• ^ 

N 4 l:^)wels 
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bowd$ of the earth, from particular 
inmera]$> efpccially fulphureousones. 
It has been remarked of Harrowgatc 
water, that as it fprings up it is clear 
and fparklingy and thro|rs up a quan- 
*tiiy of air huhhles. 

During the procefs of impregnat¬ 
ing water with air, by diffolving lead 
ore in the acid of vitriol, a part of 

«i * 

the glafs tube was coated with a 
thm pellicle of fulphur, which had 
accompanied the air in its afeent: 
May not the fulphur fublimed from 
Harrowgate water, have accompa¬ 
nied the air which gives it its ftnell ? 
Is it certain that this kind of air does 
not confift of attenuated parts of ful¬ 
phur, which have acquired an elaftic 
force, and which cannot be con- 
denfed in wafer ? Of is it not more 
probable, that this kind of air is one 

of 
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of the conflituent parts of fulphor^ 
than fuJphiir icfclf ? Docs this air, ‘ 
and the inSammabk air feparahle 
•fronn fome metallic fubftanccs, by 
folution in aci^s, copfift of oleagimus 
particles in an claftic ftate ? 

If the reader wflbcs to impregnate 
common water with the fulphureoua 
properties of Harrowgate water, he 
may do it in the following Ample 
manner:—Intt) an apothecary’s vial, 
holding four or five ounces, put 
fome pounded* lead ore, and pour 
upon it fome acid of vitriol (there 
is no occafion to be folicitous about 
the proportions of the lead ore and 
acid, for if there be more or lefs 
©re than the acid carf dilTolve, ftiil 
air enough for the purpofc wilt be 
difeharged); wrap a few fold| of 
wet linen round one end of a feciidecC 

6 s; 
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tube, infcrt this end into the neck 

of the vial fo clofdy, that no air 

may pafs out of the vial except 

through the tube; the end of the 

tube feould b^ at ^ome diftance 

from the furfacc of the acid. Put the 

^ « 

other end of the tube into a bottle 
full of v^ater, then, by fetcing the vial 
on the hot bar of a gr^te, or by fome 
ether means, heat the acid, and as 
foon as it is heated, it*will begin to 
aft on the lead ore, and a great quan¬ 
tity of air will be difeharged, which 
will pafs through the tube into the 
water in the bottle, and in a few mi¬ 
nutes the water will be ftrongly im¬ 
pregnated with the fulphureous pro¬ 
perties of Harrowgate water.. Be- 
fides its fulphureous impregnation, 
Harrowgate water contains fea fajc; 
and moll cither fulphureous waters' 


contain 
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contain fome fait or other, fo that 
to make a complete imitation of 
them, the falcs which they feverally 
*hold fliould be added, in due pro¬ 
portion, to tl/e water impregnated 
v/ith the air here Ipoken of. 

Though I am greatly difpofed to 
believe, that fulphureous waters are 
impregnated with their peculiar 
fmell and tafte, after the manner I 
have deferibed; yet, to affift the rea¬ 
der’s conjefturcs concerning the ori¬ 
gin of this impregnation, I will men¬ 
tion another way in which it may be 
fuppofed to arife, and which will 
account for the faline tafte as well as 
the fmell of the water. 

I know not whether any fpe^ies 
of maritime plants, containing Tea 
fair, win impregnate water wit^ 3 
fulphureous fmell by means of 
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faSion i Aor- \yhcther all of ehpm will 
<Jo. by meaji§ of comhufiim^ but 

k| 

that one of them will do it I can 
have no doubt: I allude to the 
hlaider fucm Oi fea %*rack, which is 
burned on our coafts lor the making 
of kelp. It has Been mentioned be¬ 
fore that fea wrack, when burned 
to a black coal, will yield, by being 
boiled in water, a grW quantity of 
common falc^ and I would now re¬ 
mark, that the water extrafts from 
the black afhes, noc only a great 
quantity of common fait, but /ome- 
thing elfe alfo, by which, without 
lofing its tranfparency, it acquires 
both the finell and fulphureous tafte 

of Harrowgate water i and by which 

* * * « 

it is enabled, like that water, to 
blacken jjlvet and white Walat. 

That 

» Vol. I. p.’i37. 
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That fometbing 1 am fcnfible may 
be what chemifts call liver ofjulpburp 
or an union of fulphur with fixed 
alkali, and it ^ould not be difficult 
to explain ics^ fornrAtion during the ^ 
combuftion of ^he fea wracks no 
fulphur however can be precipitated 
from the water by the acid of vitriol, 
though that aiid turns it, as is the 
cafe with Harrowgate water, a little 
cloudy. The air extrafted from iron 
by the acid of fea fait, impregnates 
water with a fmell fomewhat refem- 
bling that of Harrowgate water, but 
its difference both from the natural 
and the artificial fulphureous waters, 
may be cafily diftinguilhed, elpe- 

cially after the water has flood t few 

% 

hours expofed to the air. 

• * 

essIay 




ESSAY VII. 


<)r DJiRBYSHlK'£ LEAD 0R£. 


L ead ore, as dug out of the 
mine, is generally much mixed 
with fpajr, limeftone, and other fub- 
ftances, bulk fcfr bulk, lighter than 
the ore itfelf. It undergoes various 
dreffings before it becomes a mer¬ 
chantable commodity, the general 
tendency of which is to free it, as 
much as poffible, fronrevery hetero¬ 
geneous impurity. 1 

Suppofe 

The fubltance of this ElFiiy was pna|cd 
in the Philof. Tranf. 1768. 


V, 
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Suppofe that a cubic foot of lead 
ore, which contained no fpar or other 
cxtranebtis matter, would weigh 7800 
ounces, and that a cubic foot of fpar/ 
which contained no lead ore or other 
foreign fubftance, would weigh 2700 
ounces, then would a mixture, con- 
fifting of a CTibic foot of. pure lead 
ore, and a cubic foot of pure fpar, 
weigh 10500 ounces, and one cubic 
foot of fuch a mixtui'e would weigh 
5250 ounces. It is obvious thar, 
according to the d'lffercnt propor¬ 
tions in which the particular kinds 
of fpar and lead ore here afllimcd, 
are fuppofcd to be mixed together, a 
cubic foot of the mixture will have 
different weiglits, the limits of which 
are on the one hand 7&00, and on 
the other 2700 ounces; it hever can 
Kveigh fy little as 2700 dunces, for 

then 
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then it would confift intirely of fpar 
without any lead orci nor can it 
ever weigh fo much as 7800 ounces> 
for then it would confift intirely of 
lead ore without an;j fpar. 

From this view of the matter it 
is evident, that tlfe purchafing of 
lead ore by the meafure, which is 
the general, though not the univerfal 
cuftom in Derlyjhirei is a mode lia¬ 
ble to fome exteptionj fince a diih, 
containing any definite meafure, muft 
have different weights according as 
the ore with which it is filled is more 
or lefs free from fpar. And it is 
fcarce pofiTible, by repeated drefiings, 
to feparate all the fpar from an ore^ 
or equal portions of it*frofn equ^l 

V 

portions of ore. 

There k a diveriity, however, 
the weights of equal meafures of lea 4 

VOL, in. *0 ore 
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ore which, probably, does not arife 
from fparry or other heterogeneous 
accretions, but from the nature of. 
the ore itfelf. I have carefully cal' 
culated the weight cf a cubic foot of 
many of the l 3 erby{hire lead ores; 
the weight of a. cubic foot of the 
lighteft which I met with was 7051 
ounces, and the weight of a cubic 
foot of the heavieft was 7786 ounces; 
the difference amouncins; to between 
a ninth and a tenth part of the weight 
of the lighteft. TJiere arc, proba¬ 
bly, other ores of lead, the weights 
of equal bulks of which differ more 
than thefe here mentioned ; but the 
difference between thefe is fufficient 
to (hew thc^rcat uncertainty of pur- 
chafing lead ore by the meafure, 
fince ten dilhes of one fort of ore 
may not weigh more than nine tlifhes 

of 
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of another fort, chough both the 
forts are equally well drcfled. 

Lead ore is not always of the fame 
goodnefs in the fame mine, nor even 
in the fame part of the fame mine; 
and, what is more remarkable, the 
different parts of fame lump of 
ore have in equal bulks different 
weights. I could not eaf.iy have 

believed this, ulilefs a variety of ex- 

0 

periments ha.d.convinced me of the 
faft. 

They were en'iployed lately at//ij/y- 
fmelting a lead ore from 
cf Mam the ore was rich in filver. 
A lump of this ore, weighing about 
ten ounces, was broken into fevcral 
pieces, and fucli of th« pieces were 
feleclcd as appeared to the eye to be 
wholly pijre, I eftimated the weight 
of a Jubic foot of fix of thofe pieces, 

abd 


o 2 



( 212 ) 

and found that a cubic foot of the 
Jighteft kind would have weighed 
6565 ounces, a'd a cubic foot of 
theheavieft kind would have wei;:};h-t 
ed 7636 ouncqs. Suppofing the 
weight of a cubic foo't of water, to 
be denoted by looo,- the mean 
weight of a cubic foot of the fix 
different pieces of this ore, may be 
expreffed by 7115 avoirdupcife 
ounces. 

A very pure fpecimen of tefiella- 
ted lead ore, from U mine near JJh- 
ever in BerlyJhirCy was broken into 
fix pieces, weighing near one ounce 
each. A cubic foot of the lighteft 
of thefe pieces would have weighed 
7326 ounces, and a cubic foot of the 
heaviefi; would have v/eighed 7786 
ounces. The me?n weight of a cu- 
bic foot of the fix pieces was 7566, 

Ac 
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At the fame mine they frequently 
meet with fmall quantities cf ftecl- 
grained lead ore. Si:v different pieces 
•of the fame Ipmp of this kind of 
ore were chofen^ each of which ap- ^ 
peared quite free from fpar and every 
other impurity. A cubic foot of the 
lightcft of thefe pieces would have 
weighed 7188 ^ounces, and a cubic 
foot of the heavieft would have 
weighed 7442* ounces. The mean 
weight of a cubic foot of the fix 
pieces was 7342. 

Other lumps of ore from different 
mines, were refpeftivcly brolten into 
different pieces, and fcarcely any 
two equal pieces of the fame lump 
were obferved to agree in weight. 
This diverfity in the weight of 
eqii^l biflks of the fcveral pieqes cf 
the fame lump of ore may be owing, 

o 3 either 
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either to the different proportions in 
which the conftituent parts of the 
ore arc combined in the feveral 
pieces; or to the difl^rent quantities* 
of extraneous fi>b(|ances impercepti¬ 
bly mixed with them; or, which feems 
moft probable, ro a diverfity in the 
fize or configuration of their pores. 

But be the cauJe of this diveiTity 
v/hat it may, the fact, I believe, is 
certain, and by no means Angular; 

‘ for not to mention the varieties ob- 
, fcrvable in the weights of equal 
bulks of different pieces of roll 
brirnftone, ofeorrofive fublimate, of 
caft fteel, and other faftitioiis fub- 
ftances, the natural fpars generally 
found along with lead ore are fub- 
jedt to a fimilar diverfity, though 
nor, perhaps, in an*equal degre^' 

. A piece of rhomboidaly otherways 

called 


1 



( **s ) 

called refraSing or lantern /parpma 
broken into four fmaller pieces, ' 
the weights of a cubic foot of each 
^of which wer^^ 2675, 2687, 2715, 
27235 the meHium of the four is 
2700 ounces.# Mr^ CoUs fixes the* 
weight of a cubi« foot of Iceland 
cryftal at 2720, and Walkrius fixes 
it at 2700 ounces. 

The weight^ of a cubic foot of 
four pieces of.the fame lump of. 
bkalfpar were 3204, 3218, 3222, 
3231 5 the medium of the four is 
3219 ounces.—Mod of the fpars 
met with in Derhyfoire are either 
fhomhoidal or cubical 5 they are eafily 
diftinguiflied from each cth^ by 
a view of their fliape, when th^r an¬ 
gles can be difcerned; and wh^ the 
.fliape cannot be eafily'feen, tllr na¬ 
ture of the fpa/may be afccmined^ 

^ ' .04 ' I by 
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by touching It wjth an acid; ttic 
rhomboidal fpar always effervclcing 
with an acid; and the cubical refill- 
ing its action. Thc^lead fmelters i 
make great ule of the cubical fpar as 
Jfux for fuch Icdtd 6r€s as do not 
readily melt: it is'^curious to fee its 
cffeft ; a few .fhovels full of it, 

^ thrown upon a heap of red hot ore, 
immediately melting'down the ore 
into* a liquid, though the longefi- 
continuation of the fame degree of 
beat, without ,the additiOT of the 
fpar, would not have been fufficient 
for the purpofe. 

I * 

Six ounces of.fine teficllated lead 
ore were put into a crucible and ex- 
pofed, 'at fifftji^to a gentle, and after¬ 
wards to a ftrong fire ; the ore grew 
red, and emitted fuipes which fmfl- 
led of fulp^urj at,^length it melted, 

and 
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and the fumes became very'^pioulfil 
they were accompanied with a'yel'- 
lowiih flame upon the furface of tb^ 
melted ore, and when colkdled had 
a whicifii appearan<;e« The crucible 
after the ore had' continued a fulf 
hour in perfeft TuCon, was taken' 
from the fire, and when it was cold 
it v/as broken. The mafs which'-it 
contained weighed five ounces and 
an halfi theft was no Icoria obferv- 
able on its furface, nor were any 
particles of rnetal forrtied ; it was 
liill an ore of lead. 

The mafs remaining frbm the laft 
experiment was put into a frelK cru¬ 
cible, and expofed to a ftrong pelt¬ 
ing heat i the fum^ which |arole 
from it feemed to be heavy j| they 
blooded over the furface of thfe 
melted mafs in undulating fllmes; 

rhicb 
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.whi<^ DoV and th(?n appeared like 
barning zinc The lead was now 
lornied, and many particles of ic 
were fubllmed to at leaft fix inches 
above the furface of the liquid in 
the crucible. After letting the cru¬ 
cible continue tw(y hours in this 
ftatCi I poured out it$ contents, and 
found thena conliiling partly of lead, 
partly of lead ore, and partly of a 
very niinute- portion brovvnifli 

fcoria. I repeated this experiment 
with the fame fuccefss f 

Thefc experiments prove, that 
j(bme fubftance or other is contained 
* in lead ore, which muft be difperfed 
before the ore can be formed into 
lead; ‘and theyIbev/too, thaticrc- 
^ quires a confidcr«blti time to effeft 

* Itinay.deftrve to be inquired.wbether zinc 
may not be conudnedinkad, iron, and other 
inore frequently than is fuppofed. 
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the difpcrfion of this fubftance, fince 
fix ounces of ore, though kept three 
hours or more in complete fufion, 
were not wholly brought into the 
form of lead ; they inftruft us alfo t4 
believe that the lead in this Tcind of 
ore is in its metallic ftate, as the ore 
was changed into lead without the 
addition of ai\y fubftance containing 
the inflammable principle j and, laft- 
ly, they rendfcr it probable, that the 
fumes arifing from melted ore, carry 
off with themTio inconfiderablc por¬ 
tion of the lead iifelf. At the great 
fineltrng houfes in Derbyfhire, they 
put a ton of ore at a time ini^ the 
furnace, and work it off in icigbt 
hours; the ore m*ght be wholly 
melted in one hour, but thJlead, 
perhaps, is not^formed in the gleateft 
pofllble quantity in eight hou«. 


ome 
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Some fine teflellatcd kad ore from 
Dcrbyfhirc, was pounded into ftnall 
lamps, each about the fize of a pea^ 
and carefully picked from /par and 
other impurities^. Sixteen ounces 
of this ore, thus previdufly cleanfed, 
were diftilled in an earthen retort; 
as foon as the ore felt the fire, the 
ftopple of the quilled receiver had a 
ftrong fmcll, rcfembling that of the 
inflammable air, feparable from fome 
metals by folmion in acids; foon af¬ 
ter a fmall portion of^a liquid came 

over into the receiver: the fire was 

# 

then raifed till the retort was of a 
white heat, when a black matter be¬ 
gan to be fublimed into the neck of 
the retort; the operation was then 
difeontinued. This experiment was 
undertaketf with a yiew of Tccitjg 

whe- 
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Whether fulphur could be feparated 
from lead ore, as it may be from 
fome fpecies of the pyrites, by 
Jation, and it appears from the ifltie 
of the experiment that it cannot, at 
lead in the degree of* heat which it 
reguifite for fubliming the ore. Up¬ 
on breaking the retort, I found that 
the ore had been melted during the 
operation, fof there was a confident 
cake of ore ©f the figure of the bot¬ 
tom of the retort j the weight of this 
cake was fifteen ounces and an half, 
the weight of the liquid in the re¬ 
ceiver, and of the black matter 
which had been fublimed, did nor 
together amount to one quarter of 
an ounce, fo that \ quarter an 
ounce or more had been djfj^rfed, 
^obably in the form of air, Oilfoinfi 
claflic fluid. The ore by thil pro- 
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ccfs had loft one thirty-fecond part 
of its weight. The liquid did not 
effervefee with either acids or alka¬ 
lies ; nor did it produce any change 
in the colour of bluecpaper; yet I 
am certain, fron? experiment, that 
one drop of oil of vitriol, though 
diluted with two ounces of water, 
would have produced a fcnfible red- 
,nefs on the bine paper which I ufed. 
The liquid, notwithftanding, had an 
acid tafte, and a pungent fmeJl, re- 
fembling that of the volatile vitriolic 
acid. The black matter which had 
been fublimed into the neck of the 
retort, was examined with a micro- 
fcope, and it appeared to be pure 
lead ore. The melted ore which 
was found at the bottom of the re¬ 
tort, had not any appearance of 
fcoria, or of lead, upon its fdrrfact. 

Some 
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Some phenomena attending, this 
experiment defcrved, I thought, a 
further inveftigation. I therefore 
diftilled another i6 ounces of ore, 
but with a fire flronger and continu¬ 
ed for a longer tinne than in the pre^ 
ceding experiment: the quantity of 
liquid was much the fame, there was 
a fmell of fulphur, and, perhaps, to 
the amount gf half a grain of ful¬ 
phur was found in the receiver j the 
ore was in tfiis experiment fublimcd ' 
into the neck of the retort to the 
thicknefs of one fourth of an inch. 
There was found, as before, a cake 
of melted ore at the bottom of the 
retort, but no fenlible portion; of 
citheror fccria^^i fo that wc may 

fa|sly 

* I have faicl no fenfibk portion; 

however, ai% appearance of fborisl ad¬ 
hering to the fide, and an nppeaTance ^lead 

adh|rmg 
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fafely conclude that lead ore cannot 
be decompofed by the firongefl: fires 
•iriiclofe vcflels, but that it may be 

fublimed in them. The ore had loft 

* 

near an ounce of its weight, 
r Though the ex'J)erinjent is fuffici- 
ently troublefome> I was not deter¬ 
red from making it once more; for 
I wanted to fee whether lead ore 

c 

could be wholly fublimed ; as I 
thought that philofoghers might 
thereby form fome conjectures of 
die efficacy of fubcerraneous fires in 

fubliming 

SKlhering to thebottom-of the retort; but the 
quantity of each was exccerditigly fmall, and 
they were both> probably, produced from that 
minute decqmpofiuc.n of the are which pro¬ 
duced the fulphur,i,and which would not, I 
think, have taken place in any degree, had 
there been no communication with the external 
air ; but the orifice,of the quilled receiver was 
not always clofcily during the djftilla- 

tion^., 
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in lead ore?, and, perhaps, ores ^ 
Other metallic Ibbftances. The event 
of this third experiment was perfeft- 
correfpondent to that of the two 
former, with refpeft to the produc¬ 
tion of liquid,* and the feparation of* 
air, which was caCght in a bladder, 
but was not found to be inflamma- 

4 

ble; the lead ore too was fo plenti¬ 
fully fublimcd into the neck of the 
retort, that it* quite plugged it up 
for above three inches in length. 
Upon difcontinbing the fire which 
had been railed to a degree of heat 
exceedingly great, I found the retort . 
waj cracked, and that the cake Sit 
irs bottom was very different frorp 
what was found at the bottom of thft - 

f , 

Other retorts, which hadtftood tbfc 

*■£ 

fire without cracking; for this cak4 
was covered with.a black glafiy fro* 
voi. ni. ■ P sia 
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I 

ria I 'of an inch in thicknefs^ and the 
ore which laid under it, was in part 
changed mioUad^ and the whole of' 
the ore did not .weigh quite ten, 
ounces, fo that |bove fix ounces had 
been loft by efcaping through the 
crack. By a cdinmunication with 
the air through the crack, the ore 
was dccompofed, and thus both lead 
-and fcoria were formed, which in the 
oihcr^ experiments, for want of fuch 
a decompofition, could not be form¬ 
ed. There was a thin coat of fiil- 
phur alfo which lined the infide of 
the receiver, and this fulphur, pro*- 
bably, arofe fronn the decompofition 
of the ore, fince none, or next to 
none, was obferved in the other dif- 
tillations^of the ore. I found that 


* the weight of a .cubic foot of the 
0 re, which had been fublimcd into 
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the neck of the retort^ was' 750O’ 
ounces 5 which fufficiently agrees 
with the weight I had before afeer- 
• rained of this kmd of orel A cubic 
foot of the black gltfiy fcoria weighs 
ed 3333 ounces i^and the metallic 
cake which laid Onder it, and which 

4. < 

confifted partly of lead, and princi¬ 
pally of ore nt^t quite changed into 
lead, gave 8738 ounces to the cubic 
foot. * 

t 

Finding that fulphur could not be 
feparated from lead ore by diftilling 
*it in clofe veffels without addition, | 

and yet being much difpofed 'tb 
think that'it contained a confiderafc 
ble portion of fulphur, I fifft thouefi 
of diftilling it with charcoal duife 
iron filings, land and other addft 
tions j But recollefting that fu!phi|; 
might be feparated from 

p 2 
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by fototion in *tidS| I thought it 
not improbable, that it might be 
parated from lead ore by the farnc 
means, and the fuccefs of the follow-? 
oing experiment abundantly juftified 
the conje&ure. 

SUpon ten ounces of lead we, 
cleanfed as in the preceding experi¬ 
ments, I poured five ounces of the 
"ftrongeft fuming fpirits of nitre ; this 
ftrong acid not feemihg to aft upon 

the ore, I diluted it with five ounces 

<. 

of water; a violent ebullition, ac- 

^'Companied.with red fumes, imioedi- 

« 

lately took place.; the folution of the 
we in this minjlmum b^C2Lmt mani- 
feft, and when it was finiflbed, there 

f 

remained Boating upon the furfacc 
of the fnetfftrmm i. cake of fuie yel- 

4 ow fulphur, perTe. 51 y refcmhlmg 
CQpomon ftilphwr. 


-I re-* 



( * 29 . ) 

r repeated this expenmeot a grw|' 
many times, in order to afcertain th$ 
quantity of folptiur cont»ned to lead 
•ore, and feparable therefrom by fa-, 
lution in acid ofnitfe. The refult^, 
of different ex^riments’were feldoin 
the fatne j the matter feparabk from 
the ore by folution, after being re¬ 
peatedly uralhed in large quantities 
of hot water, in order to free it from 
every faline Sdmixture,, fometimes 
amounted to more, fometimes to 
lefs than one-thtrd of the weight of 
the ore. This matter oxay,. for the 
fake of diftindion, be called crude 
lulphur.- Its apparent purity mig|t' 
induce a belief that, it contained 
heterogeneous mixture, yet the rev¬ 
iewing experiments (heW' how much ■ 
we be- deceived, in formitjg- 

P. 2, fu^^ 



C 230 ) 

fuch a conjefture, and how r.ightljr 
it is denominated crude fuJphur. 

From one hundred and twenty 
parts, by weight, of dead ore, I ob-* 
^.tained, by folution in acid of nitre, 
fubfcquent wafliin^ in^hot water, and 
drying by a gentle fire, forty parts 
of a fubftance which looked like ful- 
phur: thefe forty parts were put on 
a red-hot iron, the fiilphur was made 
maidfefl: by a blue flime anti pun¬ 
gent fmell. When the flame went 
oat there remained upon the iron 
unconfumed, twenty-fjx parts of a 
gt'cyilli calx y the weight of the ful- 
phurwhkh was confumed muft there¬ 
fore have amounted to fourteen parts, 
or'between orie eighth and one ninth 
part of the weight of the ore. It 
has bee#i obferved, . that the weight 
of the matter, feparable from lead ore 

by 
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by folution in acid of nitre, fonre* 
times, exceeded and fometimes fell 
fhortof, one third part of the weight 
*of the ore'; t\\is variety, as far as I 
have been able to obferve, does not 
extend to tht quantity of fulphiir 
contained in a given quantity of ore, 
it depends upon the quantity of calx 
remaining after the burning of the 
fulphur. Different Jead ores will 
doubtlefs coRKiin different quantities 
of fulphur i but that the fulphur, 
contained in tfie lead ore which I 
examined, conftitutes between one 
eighth and one ninth part of the 
weight of the ore, is a conclufion 
upon which, from a variety of expe¬ 
riments, Lam difpofed*to rely, | 
There are faid to be annually fmel 
in Derlf/Jhire aboiit ten thoufand to^s 

p 4 pf 
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of lead now if means could be 
* 

inverted (which I think very pofTi- 
ble) cf faving the fulphur contained 
in ten thoufand tons df ore, fuppof-* 
Hig that the ore''‘fiiouJd only yield 
, one tenth of its weight of fulphur, 
though it unqueftionably contains 
more, Derhyjhire alone would furnilli 
annually one thoufand tons of ful¬ 
phur, the value of which would an- 
nually be about* fifteen thoufand 
pounds. I mention this circumftancc 
thus publicly, in hopes that the lead 
fmdters may be induced to profe- 
cute the fubjefl. If the fulphur 
contained in the lead ore could be 
collefted, it would not only be a lu¬ 
crative bufinefs to the fmelters, but 
a great fiving to the nation. We at 

prefent 

* This eftimrtfi is, I hav£ reafuji to thuik, 
too high. 
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prefent import the fulphur we ufc^ 
and the confumption of this corti** 
modicy is exceeding greatj in the 
‘ making of gtanpowdef, in form¬ 
ing the mixture /or covering tltp- 
bottom and fidcs of fhips^,. and^ 
in a great variety of arts. The 
fmelters need not be apprehenfive 
left the quality of the ore Ihould be 
injured by extradting the fulphur- 
Eighteen hundred weight of ore> 
from which the fulphur has been 
extrafted, will certainly yield as 
much lead as twenty hundred weight 
of ore,, from which the fulphur has 
not been cxtradled, and it will„ pro¬ 
bably, yield more. Arfenic is est- 

trafled 

* Tills mixture is made of one part of |iJ- 
low, of one part of brimilonc, and of 
parts nearly of rofin. The tallow and rdfin 
are melted together, and the hiiuiftone. is 
lliiTcd into them ; 140 pounds of brimftont is 
enough for a veflel of 140 tons# 
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traftcd from a particular ore ia 
Saxony, by roafting the ore in a fur¬ 
nace, which has a long horizontal 
chimney; the chimney is large, has 
many windings atjd angles, that the 
arfenic vapour which arifes from 
the ore may be the more eafily con- 
denfed: the arfenic attaches itfelf 
like foot to the chimney, and is from 
time to time fwcpt out. It is very 
probable, that by fonrfe fuch con¬ 
trivance , the fulphur contained in 
lead ore might be cbllcded. Hie 
fmelters call every thing fulphur 
which is volatilized during the roaft- 
ing or fluxing of an orej but none 
of thofe with whom I have converfed, 
had any notioh that common ful¬ 
phur could be fcparated from lead 
ore* 

The greyifii calx which remained 

upon 
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upon the iron after the fulphur was 
confumed, was put upon a piece of 
lighted charcoal; the heat of the 
charcoal being quickened by blow¬ 
ing upon it, a gcpat nunvber ofglp- 
bules of leacl were form^fd upon its 
furface. From hence it appears, 
that this calx is not an unmetallic ^ 
earth contained in the ore, which 
the acid of nitre could not diiToIve; 
but a calx of lead, probably pro¬ 
duced by the violent aftion of the 
acid, and which, by the addition of 
phlogifton,, may be exhibited in its 
metallic form# The quantity of this 
calx depends much upon"N:he a6l5on 
of the acid upon die ore; if ^hat 

aflion is violent, the calx is^ in 

© 

greater abundance than if it be Mo¬ 
derate i and I am not certain vwie- 

- * i . ‘ 

ther the experiment might not b« fo 

mana^d. 
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itianagctf, that there would be little 
or iKi Calx remaining 5 that is, 
given quantky of ore might be fo 
diflblved in the acid, of nitre, that * 
fjothing woold ri^main undilTolvcd 
except the fulpbur. Bkjt I have i>oc 
yet pcrfeftly fatisficd myfelf as to 
the conftkuenc parts of lead ore. I 
am certain that Lc contains lead, and^ 
fulphur^ %Mq^uii^(dr:, of the ex? 
idenCe of the three firft'^there can be 
BO doubt, from.what has been .faid, 
and the air is rendered beautifully 
apparent by the following expcri» 

Let fome lead ore be reduced into 
» fine powder, pot it into a narrow- 
botcotned ale glafs, fill the glaia 
three parts wjtb water, drop into the 
wa^^ portion'of the ilrong acid of 
nit^l,jo« may judge of jhe requi- 

fire 
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fitc quantity by« feeing the 
comnience, and ypu will jt^Wcrve thf 
©re univerfallf covjered *wkh bubble# 
of air> thefe^will buoy the ore up 
in large tufts to t^e furface, and die 
air wil| continue to be* feparaci^ 
from the ore till the acid bcconnos 
faturated with the lead. The fak 
arifing from tjie union of the nitrous 
acid to the kad often appears cjry- 
ftallized upon the furfaee of tbe 
menftruum. in thjs experiment 5 and 
if, when the menftruum is in 'tfiat 
ftate, a little freih acid be ^dded, the 
fait inftantly cryftallises and fsdk 
.down to the bottom of theglafs, the 
acid having abforbed the water wlficli 
held it in fohuion. When lea<|, ii 

lA 

difiblved in the manner here mfen- 

• c 

tioned, by a very diluted acid ofjni- 
trCj there is.no oppeaCance of lul-. 
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phur upon the, furfacc of the men- 
ftruuhn, tjierc is found at its bottom 

r ' ) 

a black mattcf, which is the fuiphur. 
But though lead, and fulphur, a 
liquid, and air jre unquellionably 
conftituent parts of le'ad ore, f do 
not take upon me to fay, tliat they 
are the only conftituent parts: it is 
‘ well known, that during the fmek- 
ing of lead ore, a third part or more 
of its weight is Ibme h^jw or other 
loft, fince from one and t^nty hun¬ 
dred weight of ore, they feldom ob¬ 
tain above fourteen hundred weio^hc 

* ' ' G 

trfJead. What is loft partly coniifts 
of a fcoria which floats upon the 
furface of the lead during the opera¬ 
tion of fmeltingi and partly of what 


K 


is 



ft^arated inflammable air from 
diilolving it in the acid of fca 



( 239 ) 

is fublimed up the chimney and dif^ 
fipated in the air. The fcoria, I ap¬ 
prehend, would be very little, even 
.from a ton of ore, if the ore was 


quite free from f^ar : it is the fpar 
which is mixed with the ore that con- 


ftitiites the main portion of the fco- 
ria 1 have in my poffeffion a folid 
mafs of fcoria, which accidentally 
flowed out from a fmelting furnace, 
and which in* colour and confiftency 
perfedtly refcmbles grey limc-ftoncj 
it receives a pdlilh as fine as marble, 
and it might perhaps with advan¬ 
tage be caft Into moulds for paving 
ftones, chimney pieces, and other 


mat- 


* The fpar without queftion augments Jthe 
quantity of the fcoria, yet the iead ore, which 
appears to the eye.to be quite free from ^ar, 
yields a confiderable portion of a black 
fcoria^ when urged with a fufficient fire, v 
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mtttm. It arifes from the fparirjix- 
ed with the ot«, and, bythe addition 
of cubical Ipar to the ore during its 
ftibon, its quantity might be increaf-. 
ed at no great expence, in any pro- 
.portion. That part oft the ore which 
ialublimed and difperfed in the air, 
confifts partly of thefulphur which is 
decampofed, and partly of lead j this, 
.'fublimed lead attaches itfelf in part 
to the fides of the cl«moey of the 
Tmelri ig furnace j the reft pf it flies 
up into the air, from ‘whence it falls 
'Upon the ground, poifoning the visl- 
^ter .Mid herba^ upon which it fet- 
•tjesi This fublimed kad'might be 
• collefted cither by making it meet 
•with water, or-with the vapour of 
•water, during its afoent, or by niak- 
jflg itthrough, an horizontal 
^iwuiMPof a fBffieicotlc.ngtb. 


‘X'l-i 
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It is not eafy to determine with 
precifion the quantity of this fublitn* 
cd lead; a general guefs, however, 
^may throw fonje light upon the fub- 
jeA. They ufually at a fmelting 
houfe work off three ton?, or fixty 
hundred weight, tff lead ore every 
twenty-four hours ; the lulphur con¬ 
tained in fixty hundred weight of ore, 
we will fuppofe" to be feveii hundred 
weight, and jhe lead to be forty 
hundred weight j the air, liquid, fco- 
ria, and fublinned lead muft toge¬ 
ther, upon this fuppofition, amount 
to thirteen hundred weight; now> 
admitting three hundred weight ol^ 
the thirteen to be fublimed lead, it is. 
evident that, could it •be collefted, 
there would be an annual faving at 

each fmelting houfe of above fifey^ 

*• * 

tons, which, fuppofing it to be/ 
VOL, III, CL worti 
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worth four pounds per ton, would 
amount to above two hundred pounds 
a year. The price, if not the quan¬ 
tity of lead fublimare,o here aflumed, 
IS, probably, below the truth ; but 
my end is anfwered *In giving this 

t 

hint to perfons engaged in the 
fmelting biifinefs. 

The following experiments, 
though upon a different fubjeft, 
may not be unacceptable to the lovers, 
of chemiftry, as I do not remember 
to have any where met with them. 

It is commonly known, that the 
furface of melted lead becomes co¬ 
vered w'ith a pellicle of various co¬ 
lours. I undertook fomc experi¬ 
ments in the ’courfe of lafl: winter, 
with a view to afeertain the order in 
which^ the colours'fucceeded each 
other. The lead which lines the 

boxes 
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boxes in which tea is imported from 
China happening to be at hand, fome 
of it was melted in an iron ladle; but 
I was much furprifed to find that 
its furface, though it was prefentlf 
covered with *a d.ufl^y’ pellicle, did 
not cxliibit any colours. Imagining 
that the heat was not fufficiently 
firong to render the colours vifible, 
the tire was urged till the ladle be¬ 
came red hot,* the calcined pellicle 
upon the furface of the lead was red 
hoc alfo, but it was ftill without co¬ 
lour. The fame parcel of lead Was 
boiled in a crucible for a confider- 
able time ; during the boiling a co-* 
pious fteam w'as difeharged, and the, 
furface of the lead, as is ufual, be¬ 
came covered with a half vitrified 
fcoria. The lead which remained un-- 

vitrified waS then examined, and it 

« 

ci.cj had 
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had acquired tb^ property of form¬ 
ing a fuccc05on of coloured pellicles, 
during the whole time of continuing 
in a ftare of fufion. 

Another portion of the fame kind 
of lead was expofed to a lirong cal- 
^oining heat for a long time , the part 
which remained uncalcined did, at 
length, acquire the property of ex¬ 
hibiting colours fufficiently vivid, 
Thefe experiments i»nduced me to 
conclude, that the Chinefe lead was 
mixed with fome fubflance from 
v/|iich it was neceflary to free it ei¬ 
ther by fublimation or calcination, 
before it would exhibit its colours. 
It would be ufclefs to mention all 
the experiments which I made be¬ 
fore I difcovered the heterogeneous 
fiibftance with which I fuppofed the 

•r ' X 

was mixed. At laft I 

hit 
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hit upon one which fecipi fully fuf- 

ficienc to explain the phenonnenon. 

Into a ladle full of melted Derby- 

fliire lead, which manifefted a fuc- 

ceffion of tl\e moft vivid colour?, 

I put a finall portion of tin, and ob- 

■ 

ferved, that as foon as the tin was 
melted, and mixed with the lead, no - 
more colours* were to be feen* I 
do not knovv^precifely the fmalleft 
poffible quantity of tin, which will 
be fufHcient to deprive a‘given quan¬ 
tity of lead of its property of form¬ 
ing coloured pellicles, but I hSvc 
rtaion to believe that it docs notex*^ 
ceed one five thonfandth part of the 
weisht of the lead. . 

Derbyftiire lead, which hfs loft 
its property of exhibiting c61(|tir£ by 
being mixed with tin, acqAcs it 
again, as is mentioned of the (Ihinefe 

CLj ' lead. 
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lead, by being expofed to a calcining 
heat for a fulficlent time 5 the tin, it 
is fuppofed, being fcparatcd from the 
lead by calcination, before all the 
lead is reduced to a calx. 

Some calcined Chinefe lead was 
reduced to its metallic form by burn¬ 
ing fome tallow over it. The re¬ 
duced lead gave, wht*n melted, co-* 
loured pellicles; thc^, calx of tin, 
which we fuppofe to have been mix¬ 
ed with the* calcined dead, not being 
fo eafily reducible as that of lead, 

J find that zinc is another metallic 
fubftance which has the fame pro¬ 
perty as tin with refped: to the de¬ 
priving lead of its power of forming 
coloured pellicles; but it does not, 

I think, poflefs this pow'er in fo emi¬ 
nent a depee as tin. I put fmall 
portion$^^f bifmutb alfo into melted 
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lead, but the lead ftill retained its 
quality of forming colours. I melted 
together fome Giver and lead, but 
the lead did not thereby lofe its 
power of forming colours. A little 
tin added to a mixture of lead and 
bifmuth, or to a mixture of Giver 
and lead, immediately takes away , 
from the refpeftive mixtures the fa* 
culty of forming coloured pellicles. 
This quality of tin has hitherto, 
as far as I knqw, been unobferved ; 
but every new faft, relative to the 
aftions of bodies one upon another, 
ought to be recorded. The change, 
produced in lead by the admixture 
of a fmall portion of tin, is much felt 
by the plumbers, as .it makes the 
metal fo hard and harfh, thu it is 
not without difficulty they can caft. 
it ilito Iheec lead. If their (4d lead 

A. 

0^4 “ docs 
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does not work fo willinglyj nor 
exhibit colours fo readily, as new 
lead, they may refer the difference 
to the fmall quantity of tin contained 
iq the folder, fron? which old lead 
can fcldora be thoroughly freed. 

With refpeft to the ^rder in which 
the colours fucceed one another upon 
the furface of melted kad, it fcems 
to be the following oi>e; yelkw^ pur¬ 
ple^ hluCy—yelloWy pufphy gretn ,— 
pinky greeny—pinky green. Upon ex- 
hibiting the bright furface of melted 
lead to the air, I have often obferv- 
ed thele ten changes to follow one 
another in a more or Icfs rapid fuc- 
ceffion, according to the degree of 
heat prevailing*in the lead. If the 
heat is but final], the fucceffion flops 
before it has gone through all the 
changes; but with the greateft Ireat 

I did 
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1 did not obferre any fuQher vari»« 
tion. All the colours arc very 
and each Teems to go through all th« 
*lhades belongihg to it before it is 
changed into the n^xt in order. . 

The formation of thefc colours 
may be explained from what has 
been advanced by Sir I/aac Nevottm, 
and illuftrated, by the very ingeni¬ 
ous experiments of Mr. Delaval, re¬ 
lative to the fize of the particles coa- 
ftituting coloured bodies. 


ESSAY 




E S S • A Y VIII. 


OF THE SMELTING OF LEAD ORE, 
AS PRACTISED IN DERBYSHIRE. 


T here is a certain ftandard 
of perfection in the exercife of 
every art, which is not always well 
underllood; and after men do fuffi- 
ciently comprehend it, many ages 
often pafs away before tJiey ajre for¬ 
tunate or ingenious enough td attain 
it. To extract the grcatcft piofEble 

quantity 
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quantity of metal, from any parti¬ 
cular kind, and any definite quantity 
of qre, is a problem of great import-^ 
ance, whether it be confidered in a 
•philofophical or i commercial light; 
yet he who fliould apply hirnfelf to 
the folutionof it, with an expefta- 
tion of being ufeful to mankind, 
muft take into confideration another 
circumftance, of as mqcj^ iraj^rtance 
as the quantity of ^etal to be cx- 
trafted,—the expence attending the 
procefs. For it is obvious, that a 
great quantity of metal extrafted at 
a great expence, may not produce fo 
much clear profit, as a lefs quantity 
procured at anccafier rate; there is a 
beneficial limit between the quantity 
to be obtained, and the expence at- 
tendf|% the operation, which nothing 
but experience can afeertain. 


I 


It 
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It has been proved, by experi¬ 
ments made in France^^^ that lead ore, 
when fmelted by a fire made of wood> 
;yielded one tenth more lead, tha|i in 
the ordinary method of fmclting by 
means of pitcpal yet pitcoal is ftr 
much cheaper thai> wood, in Dcrby- 
fhire, and moft other parts of Great 
Britain, that the lofs of a tenth of 
the lead is, probably, more than 
comp^fated, ^by the ufe of pitcoal 
inftead of wood or charcoal. It is 
poflible, perhaps, even with the ufe 
of pitcoal, by an alteration in the 
procefs of finelting, to extraft from 
e/cry twenty tons of ore, one ton 
more of lead than is any where ex-* 
trafted at prefent; byt whether the 
price of one ton of lead, woi|d be 
. more 

• s 

* EiTdis dcs Mines, par M. Hellot, ”^01.11. 
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more than fujfficient to defray the 
extraordinary expencc attending the 
alteration of the procefs, mu ft be 
left to the decifion of thofe who arc> 
mterefted in the fuccefs of fuch in¬ 
quiries. 

The art of fmeldng the ores of all 
metallic fubftances, was, probably, 
at firft very imperfeft in every part 
of the world j and thfs doubtlcfs has 
been a reafon, why the ufe dr iron 
hiis every where been of a more re¬ 
cent date, than that of the other 
metals, fince it requires the applica- 
tion of a much ftrongcr fire to fmelt 
the ores of iron, than thofe of any 
other metal. 

We have no certain account when, 
or by whom, thefevcral metals were 
difeovered; IVallerius fays, that, as 
far as he knew, T?liny was the fieft 

who 
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-who enumerated the^;v metals:^ 
Pliny may, probably, be the firft 
Natural Hiftorian who mentioned 
^them, but they^vvere certainly known 
Jong before the age of Pliny, and 
were mentioned befth by Homer^ and 
by an author far more ancient than 
Homer— Nbjes .—Only the gold^ 
and the fihery the brafs (copper), the 
iron, the tin, and the lead, every thing 
that may abid^the fire, ye lhall make 
it go through the fire, and it fliall be 
clean/* | Froni this teftimony we 
are certain that all the metals were 
known, at lead in the country of the 
Midiardtes, above 1450 years before 
the birth of Chrift, or near 900'yeai^ 

'^after 

* — Pii;nus (fcil. Pliniiis) quantum mini 
conftat, fex metalla:* ctmmeravit. Walkr, dc 
Syf Minera. j). lb. < 

t Numb, xxxi, S 2 . 

9 « y 
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after the deluge* When I fay all 
n^^tals, I muA be underftood to 
mean, thofe which were anciently 
known.; iox platina^ t^e fcventh me¬ 
tal, has been but recently difcovered, 
4 ind is not yet brdughf into general 
' i3fe ; and quic^ilvtr or mercury is not 


admitted by mincralogifts into the 
clafs of metals; though it has a good 
right to be admitted,"fince in a fiiffi- 
cienc degree of cold^ j[c poflefTes the 
^reat charafteriftic property of a 
as diftinguiflicid from a Cmi- 
tnetal — ti&lleability, Xhis property 
of malleability, as conftituring the 
criterion by which metals differ from 


femi-metals, is not over rigidly to be 
infffted on, l^nce iron, when firft 
fluxed from its ore, or when, con¬ 
verted into ftccl, and hardened by 

. ^ ' « « • s' •' 

being fuddehly imnierfed when red 

I*'** V" 

hoc 
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' hoc in water, is lefs itralleable than 
zinc, which is always claffed amongft 
the femitnetals. 

, It has been eontended, that copper 

was oneof the firft metals Which was 

# • 

ufed as money, and that gold and 
illver were, in Tery^ remote ages, of 
little account in that view. In many 
inftances the greatnefs of the Roman 
‘name has mad*e us forget the^^ra 
when that people began "to be dif- 
tinguiflied in hiflrory, and induced 
U3 to confider their cuiloms, as the 
firft which prevailed amongft man¬ 
kind. It is' granted, that 'Sergius 

Tullius firib coined copper, and that 

> 

the Romans ufed no other currency' 
till the four hundredth and eioHiv- 
Sfth year of their city whenlifyer 
began to be coined; but from fiiis; 
• Piin. Hill. Nat. l.ib. XXXIII.'S 13 I 
-VOX. Ilf. ' R c^n. 
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conceHlon, no argument can be de¬ 
duced for the foie ufe of copper as a 
currency, in the firft ages of the 
world. We know, from undoubted, 
authority, that filver was ufed in 
commerce, at leaft eleven hundred 
years before even'the foundation of 
Rome. — And Abraham weighed to 
Ephrofty the filver which be bad named 
in tSe audience of the fins of Ilethyfour 
hundred floekels cffilver, current money 
with the merchant About 6o years 
before Abraham paid this fum for a 
piece of land in Canaan, he is faid, 
upon his return from Eg^pt, to have 
been rich, not in copper and iron, 
but in filver and gold "f. 

Iron and copper were certainly 
known before the deluge; and it is 



]e^ that all (he other metals. 



Gen. xxiii, i 6 . 


every 

• + Gen. xiii. 2. 
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€vcry one of which is more eafily cx- 
trafted from its ore than iron and 
copper arc from theirs, were known 
^Ifo to the antediluvians; we have 
"^proof, howevei?, that in the time of 
Abraham, gold a^d Clver were cf- 
teemed, as theiy arc at prefent, pre¬ 
cious metals; and hence it feems 
reafonable enough tb conclude, that 
Noah was ablq to inftruft his de- 
Icendants in the art of fcneltinc; me- 
lailic ores: but, though this be ad¬ 
mitted, we need not be furprifed at 
the ignorance of many barbarous na¬ 
tions in this particular. For the va¬ 
rious colonies which, either by com- 
pulfion or choice, quitted the plains 
of AJia, in fearch of fettlements, i#ay 
not always have had "in tHtir c<^'n- 
pany men who had been inSrudbel ift 
the artbf rm^ong; and thbfevfho 

R 2 did 



( Jz6o ) 

<^id underftand it, when the colony 
"firft migrated, may, do many in- 
ftances, have died before any ores* 
were difeovered, .upon which they ^ 
misht have exerted their (kill; and 
tlius the art of fm*eltii>g being once 
loft, it is eafy’to.conceive that many 
nations may have remained for agea 
without the ufe of metals, or with 

* 

the ufe of fuch only as are found 
ready formed in the earth, or are 
eafily fluxed from their ores. 

The earth in a Kttle time after 
the deluge, and long before it could 
have been .peopled by the pofterity 
of Noah, muft have become covered . 
with wood i the molt obvious me¬ 


thod of clearing a country of its 
wood, is fetting it on, fire: now 


4n moft mineral countries there arc 
metallic ores, ytrhich lie 


con- 
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contiguous to the furface of tbe^ 
earth, and thefe having been fluxed' 
whilft' the woods growing over them 
were on fire, probably, fuggefled to-* 
many nations the Srft idea-of fmeltr 
ing ores. 


— Powerful gold firfl; raifed his head^^ 
And brafs, and filver, and ignoble lead, 

When fliady woods^ on lofty mountains grown. 
Felt fcorching fires; whether from thunder- 
thrown,' • 

Or elfe by man’s defign the flames arole, ^ 


Whatever ^was that gave theTe- tfames their 
birth,. 

Which burnt the towering trees and fcorcfi'di 
the earth, 

LI.ot flreams of filver, gold, and lead, and brafs,. 
(copper) 

As nature gave a hollow proper place, ^« 
Dcfccnded down and form’d a ghtt'Hng 






‘^"Liitretws by Creech, Vol. H. p. 573;* 
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There is no natural abfurdtty tn 
#13 notion of the poet; and indeed 
it is confirmed by the teftimony of 
^ various ancient hiftorians, who fpeak 
of filvcr and o\hcro metals being 
melted out of the earth, during the 
burning of the woods upon the Alps' 
and the Pyrenees, A fimilar circum- 
ftance is faid to have happened in 
Croatia in the year €1761 j a large 
mafs of mixed metaJ, compofed of 
copper, iron, tin and lilverj having 
been fluxed, during the conflagra¬ 
tion of a wood, which was acciden¬ 
tally fet on fire*. 

The putting a quantity of ore up¬ 
on a heap of wood, and fetting the 
pile bn fire, in conformity to the# 
manner in which ores were meked 
dujrlAg the burning of forefts, was, 

it 

‘ ^ Annual Regider, i^6i, p. 138^ 
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It may be CQnjeftured, the firft rude 
procefs by which metals were ex- 
trafted from their ores^ ‘ But as riic 
force of fire is gr^cly <||minilhed, 
when the flame is fuflFcred to expand 
itfelf, and as the air afts more forci¬ 
bly in exciting fife, when it ruflies 
upon it with-greater velocity, it is 
likely, that the heap of wood and 
ore would foon be furrounded with 
a wall of Hone, in which fufficient 
openings would be left for the en* 
trance of the air, and thus a kind of 
furnace would be conftrudled. The 
Peruvians^ we arc told, had difeo- 
vered the art of fmelting and refining 
filver, either by the Ample applica¬ 
tion of fire, or wl?ere the ore was 
more ftubborn and impregnated with 
foreign fubftances, by placing it in 
fmall ovens or furnaces on ^high 

' R 4 grounds. 
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grouDcis, fo artifieiaHy conftruAci 
that the draught of air performed 
th^fundlion of a bellows, a machine 
with which they, v;ere« totally unac- 
quaintcd,”'* 

This method of fmelting ores on 
high grounds, without the afliflance 
of a bellows, at lead of a bellows 
moved by water,ieems to have been 
formerly praflifed in other countries 
as well as in Peru. When M. Belon 
travelled into Greece^ he found the 
furnacejs placed on the fides of ri¬ 
vulets, and obferves, that ail their 
bellows played'nvith v/hcels turned 
by dreams of water, yet formerly 
they had fmelted their ores in a dif¬ 
ferent manner:® for i>pOn the moun¬ 
tains 

c 

R(5hertfans, flifi. of‘America.—Alonto. 

Barbn, Treatfeof Trimil.iiioiv. 

YoiLivr^. 
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rains of where mimics had*? 

been wrought in the.time of FMUp 
tlic father of Alexander^ great heaps- 
of flag have been difcoverisdy which.' 
are ficuated fo far- above any river of 
the country, that the furnaces fronvx 
which they were formed, muft> pro¬ 
bably, have been wrought by the 
wind. There arc leveraLplaces in- 
Derhyjbtre called Boies by the inhar 
bitants, where lead has been ancient¬ 
ly fmelted, before the invention of'^ 
moving bellows by water* Thefe 
places are difeovered by the flags of’ 
lead, which are found near them ^ ; 
there is no certain tradition concern¬ 
ing the manner in which thetorc 
was fmelted at thefe boles j it was, 
probably, as Ample as that oT the 
Peruvians ; for in Derbyjhire^ as |veH 
as. in Peru^ they feem chiefly to bavc-^ 

relied^ 
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relied upon the ftrength of the wind 
for the fuccefs of the operation ^ the 
boles being always fituated upon high 
grounds,,and moftly*^upon that fide 
tofahill which fajes the weft. This 
fituation was not fisfed upon with¬ 
out defign, fince the wind blows in 
England, in the courfc of a year, 
near twice as many days from that 
quarter as from any other A me¬ 
thod is mentioned by Erckern f of 
fmciting bifmuth ore by the wind, 
and it feems as if the ore of lead 
might have been fmeltcd at thefe 

boles, 

* As may appear from the foilovving 
abridged ilate of the winds at London in the 

years 1774 and 1^7 

INIS E W ]NW SE NE SW 
»774 *) 17=24. 43 i 30 74i26ida5s 

n lil 39.1 32’ 721,148 
Phi lof. Tr : '.nf. 1 7 7 4—5. 

•t* See Fieta Minor, by Sir John FetLU5, 
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boles, after the fame manner. This 
method confifts in putting the bif- 
muth ore, w^ben beat to a proper 
fize, into fmall flat iron pans ; thefe 
are fet in a row^ontiguous to eaeh 
other, in an open plaec, and when 
there is a ftrong wind, a fire of dry 
wood is made clofc to the pans, and 
on that fide of them from which the 
wind blows ihy this contrivance, the 
wind driving down the flame of the 
wood upon the pans, the ore con¬ 
tained in them is quickly melted. 
A pig of lead was dug up at one of 
the boles in the year 1766 on Crom* 
ford moor near Matlocki upon its un¬ 
der furface there is ^n infeription in 
relievo^ from which it appears to 

have been fmelted in the age 0f the 

• 

Emperor ; it is not vtxy dif¬ 

ferent in lhape from the pigs which 
7 are 
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laTC caft at prefentj it confifts of fc- 
veral horizontal layers of unequal; 
thickneffes, and there is an irregular 
hole in it running from the cop to • 
near the middle of its fubftance j 
from thefe appearances^it leems as if 
it had been formed by pouring into> 
a mould, at different times, fcvcral 
quantities of lead j and if lead had 
been fmeltcd after the manner before 
mentioned of fmelting^btfmuth ore, 
the feveral pans being emptied, at 
different .times as the\^ became ready,, 
into the lame mould, would have 
yielded a mafs of lead divided into 
layers of unequal thickneffes, and) 
refembling,this Roman pig; for the 
hole in its, furfacc was, probabl}'-, 
nude accidentally,-fromtHe unequal 
pg the. lead*, ofr fromforne- 
matter being lodged in it. 

Tiie- 
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TThe boles Dcrbyfliirc are, pr( 3 H- 
^"bably, many ef them of high anti¬ 
quity, as appears from the p 5 g of 
Jead before mentioned j yet I have 
met with a paffage in a writer of the 
laft century, from which it is evident 
that the method of fmelting lead on 
high grounds was then praftifed in 
the Peak. The lead-ftoncs in the 
.Peak lie but juft within the ground 
next to the upper criift of the earth-' 
They melt the lead upon the top of 
the hills that He open to the weft 
wind; making their fires to melt 
as fooq as the weft wind begins 
'blows Which wind by long expe¬ 
rience they find holds longeft of ail 
-others. ’But, for whafreafon I ki^w 
not, 11 nee I mould think lead wiere 
*che of .all naetals to 
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they make their fires e^^raordkiary 
great ”* 

The fmclting of ore by the varia¬ 
ble aod uncertain a&ion of the wind, 
muft have been a troublefome pro- 

tfefs. . It has therefore been univer- 

* 

Tally difufcd, and 'the more regular 
blaft of a bellows has been intro¬ 
duced in its ftead. The invention of 

•Sw J 

the bellows is attributed by Strah to 
Anacbarfis the Scythian : f but it is 
more probable, that he was the in¬ 
ventor of fome imprpvcment of this 
machine, than of the machine itfelf; 
for i/ffiwer, who lived long before the 
age of AnacharfiSy dcfcribes V‘ukaui& 
employing twenty pair cf bellow^at 
■once, in the formation of Achilles’s 

Ihield. 


* Ghildiey’s Britan. Bacon, i66u 
Geog. Lib. VIL 



( ^71 ) 

_ • 

ftiield. It is difficult to fay when 
the art of moving bellows, by means 
of a water wheel, was firfl: difeovered; 
k is pretty certain, that the ancients 
did not know it; and that it was 
very generally, known, amongft the 
Germans at leafl:, in the time of 
Agricola, one of the firfl: of our 
mctallurgic writers, for he fpeaks of 
it in feveral places without any hint 
of its being a recent invention, f 
The heat of the fire in a furnace de¬ 
pending much upon the force of the 
blaft of air impelled againft the fuel; 
and that force, other circumftanccs 
remaining the fame, being in pro¬ 
portion to the quantity and velocity 

of the air 5 the application of a power 

able 

^ Iliad, Ltb.XYIlI. V.470. 
t Agric. de Rc Metal, publiflied iu^^50. 

r* 33^. 
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^leTiiiSdcnly to comprefs the Jargcft 
'feclibws when fwclled with air, could 
^Jiot fail of being confidcred by me- 
t^llurgifts, as ah inveiftion, whenever* 
-It was made, 6f thc laft importance* 
The moderns accordmgly have, iri 
^ihany inftances,'^worked over again, 

* with confidcrable profit, the heaps of 
iron and other kinds of flag, from 
whiOh'the metal had been but im- 


. pcrfedlly extrafted, brfore the mov- 
^ing of bellows *^by water was difco- 
vered. ' 


It is not fifty years Tince the Had 
•or hearth furnace, was the only one 
i# ufe for fmelting lead ore in Der-^ 
*hyjbire^ In this furnace ore and 
charcoal, or oi^ and what they call 
■‘■white coal, which is wood dried but 
Mnot charred,' being placed in alter- 
»nat€ layers, upon a hearth properiy 

-COD- 
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conftruftcd, the fire is raifed by the 
blaft of a bellows, moved by. a 
water whed ; the ore is fooa fiticlt- 
^ cd by the violence of the fire, and 
the lead as it is produced trickles 
down a propqjr clfanncl, into a place 
contrived for its reception. There 
are not at prefent, I believe, above 
one or two of thefe ore hearths in the 
whole county “of Derby j this kind 
of furnace, hpwever^ is not likely 
to go entirely out of ufe, fince it is 
frequently applied to the extra< 5 ling 
lead from the Jlag which is pro¬ 
duced, either at the ore hearlhy or the 
ctifola furnace, and it is then called 
a Jlag hearth ; and the lead thits ob¬ 
tained is called Jlag lead: the |re in 
a flag hearth is made of the cinder of 
pitcoaljnftead of charccxiK . ; ,; 

The furnace called a tm* 

S pola^ 


VOL. Ilh 
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ptfld, in v^hith orts arc fincltcd by 
the of jittcbal, is faid to have 
bbfefi th'^Hted abont the year 1698, 
By a phyCciaii named iVrtghr^ ^ 
though Beecher may, perhaps, be 
thought to have a prior claim co its 
invention or introduftion from Ger¬ 
many f. But whoever was the firft 
inventor of the cupola, it is now in 

V. ^ 

general ufe, not only in Derbyihire 
and other counties, for* the fmelting 
of the ores of lead, but both at home 

and abroad, ivhere it is called the 

>% 

Englifh furnace, for the fmelting of 
copper ores. This furnace is fo 
contrived, that the ore is melted, not 
by coming into immediate conta<fl 
with the fuel,‘'but by the reverbe* 
ration of the flame upon it.. The 
bottom of the furnaCfe on which the 

lead 

* EfTais des Mines, VoU II. p. 114. 
f Vol. I. p. 33, 
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icadorfi is placed, is fomewhat co;i*- 
cave, Ihel ving from the fides inwards 
the middle j its roof is low and arch¬ 
ed, relembling the roof of a bakcr*5 
oven j the fire is placed at one end 
of the furnace, upon an iron grape, 
to the bottom of which the ak h*^ 
free accefs j at the other end oppo- 
iitc to the fire-place, is a high per¬ 
pendicular cAimney^ the direftion 
•of the flamejwhcn all the apertures 
in the Tides of the furnace are doled 
up, is neceffartly determined by the 
ftream of air which enters at the 
grate, towards the chimney, and in 
tending thither it ftrikes upon the 
-roof of the furnace, and being re¬ 
verberated from thence up^n the 
ore, it foon melts it. 

It rs not always an eafy matter to 
4 neec with a current pf watti* fuffi- 


s 2 


cicnt 
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cient tb'move the bellow required 
in fmelcing on an hearth furnace; 
and to carry the ore from the mine 
where it is dug to a" conlidcrable 
diftance to be fmclted, is attended 
with great expence 5 this expence is 
faved by fmeking in the ciipola 
furnace, which not requiring the 
life of bellows, may be conflrufted 
any where. Wood is very fcarcc in 
every mining county ‘in England; 
and though pitcoal cofts ten or 

C9 

twelve lliillings a ton in Derby- 
fliire, yet they can fmtlt a definite 
quantity of ore in the cupola, at a 
fur lefs expence by means of pit- 
coal than of wood. *— The flame 
which plays upon the furface of the 
ore and fmelts it in a cupola fur¬ 
nace, is not driven againft it widi 
'much violence; by this means 

fmall 
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finall pardtiw of ore, called HU 
land, may be fmeltcd ia a cupola 
furnace with great convenience, 
which would be driven aivay^ if 
expofcd to th^ fierce blaft of »:a 
pair of bellows [n a hearth furnace. 
—Thefe are fame of the advantage 
attending the ufe of a cupola in pre*- 
ference to a hearth furnace; and to 
thefe may be added one fuperior to 
all the reft,*—the prefcrvacion of 
the workmen’s lives; the noxious 
particles of lead are carried up the 
chimney in a cupola, whilft they are 
driven in the face of the hearth 
fmelccr at every blaft of the bellows. 

They generally put into the cu¬ 
pola furnace a ton o*f ore, preVioufly 
beat fmall and properly dre|red, at 
one time; this quantity they caU a 
fharge ; ifthe ore is very pppr ip lead, 
they put in fomewhat more, and they 

s 3 work 
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work ofT 1111*00 charges of ore in 
every twenty-four hours. In about 
fix hours from the tirpe of charg¬ 
ing the ore becomes as fluid as 
miik. Before the ort becomes fluid* 
and even whilfl* it continues in a* 
ftate of fuflon, a confiderable por¬ 
tion of its weight is carried ofF 
through the chimney 5 what remains 
in the furnace confifls of two dif¬ 
ferent fubttances,—of the lead, for 
the obtaining of which the procefs 
was commenced,— and of the Jlag 
or jeorta. The proportion between 
thefe parts is not always the 
fame;, even in the fame kind of 
ere; it depending much upon the 
management of the fire. The lead,, 
being heavier than the flag, finks 
through it as it is formed, and fet- 
thc concavity = of the bot^ 
c furnace. The pure flag,, 

accord* 
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according to the idea here given> if 
that part of the ore pf }ea 4 Mvhich is 
neither driven off by the heat of the 
furnace, nor 'changed into leadi In 
order to obtain the lead free from 
the flag which fwims over it, the 
fmeltcrs ufually throw in about a 
bufliel of lime; not, as is ufually 
fuppofcd, in order to contribute to^- 
wards the more perfcftfufion of the 
ore, but to •dry up the flag which 
floats upon the furface of the lead, 
and which, bJing as liquid as lead, 
might otherwife flow out along 
with it. The flag being thus thick¬ 
ened by an admixture of lime, is 
raked up towards the fides of the 
furnace, and the le*ad is left at thd 
bottomt There is a hole in onife of the 
fides bf the furnace, which & pro¬ 
perly flopped during the fmclting 
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of the ore ; when the (lag is rakcil 
oft, this hole is opened, and being 
fituared lower than the lead in the 
furnace, the lead guflaes through it 
into an iron pot placed contiguous 
to the fide of the furnace; from this 

pot it is laded into iron moulds; eacn 
containing what they call a pig of 
lead; the pigs, when cold, being or¬ 
dinarily (tamped with the maker’s 
name, are (old under tire name of cir^ 
had. After the lead has alt flowed 
out of the furnace, they ilop up the 
tap hole, and drawing clown the 
(lag and lime into the middle of the 
furnace, they raife the fire till the 
mixture of flag and lime, which 
they fsmply term flag, is rendered 

upon this liejuid mafs, 
another fluanti{y of 
it up as ip,the former 

pare 


very liquid; 
tKey throw 

.v'Vili _ ’ ' 

ljm€ (i dry 
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part of the procefs. This fccofid > 
mixture of flag and lime is theri ^ 
raked out of the furnace, and the 
•fmall portion oV lead feparated from* \ 


the fufion of the firft, generally tct 
the amount 'of twenty or thirty 
pounds, being let out of the fur- ‘ 


nace, a new charge of ore is put in, 
and the operation re-comnnenced. 
In order to fpare the lime, and the 
cxpence of fuel attending the flux¬ 
ing of the mixture of lime and flag, 
they have in fome furnaces lately 
contrived a hole, through which 
they fuffer the main part of the li¬ 
quid flag to flow out, before they 
tap ihp furnace for the lead i.,upoi> 
tM littfe remaining (lag they throw 
a Tmalt portion of lime, and dr^\«t 
the niixture 6 ut of the ftynice, 
without finclting h. This Jtdicf 

fur- 
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furnace they have nick-named a 
JMkccareni. 

The proeefs of fmelting here de-. 
feribed) appears to be dcfcftivc in' 
jfome points/ which I will take the 
liberty to mentionj and at the fame 

f 

time fuggeft the means of improve¬ 
ment; without, however, prefuming 
to fay, how far it may be expedient 
to adopt the propofed alterations ; 
being fenfible that wltat may appear 
very fcafible in theory, or may ever? 
anfwer in fmall aflay?, may not be 
prafticable in large works. 

The firft alteration which I would 
propofe to the coniidcration of the 
lead fmelters, is to fubllitute an ho* 
rizoncal chimney of two or tl^p. 
hundred yards in lengthy in thf^ 
place of the perpendicular o’ne n^w 
in wfe. In the pfcccdiog 

which 
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which was firft publifticd in 1778,- 
mention is made of the probability^ 
of faving a large quantity of fub** 
Fimcd lead, by making the fmokc 
which rifes frorn the ore pafs ^ 
through an horizpntal chimney, 
with various windings to condenfc 
the vapour. I have fince convcrfed 
with Ibme of .the principal lead 
fmelcers in Derbyjhire^ and find that 
I had over-rate^ the quantity of this 
fublimed lead; ^the weight of the 
jeoria from a ton of ore, amounting: 
to more chan I had fuppofed \ they 
were all of them, however, of opi¬ 
nion, that the plan I had propplcd- 
for faving the fublimate, was a Very^ 
rational one. But fo difficult is 
to wean artifts from their aniicnt 

T 

ways of operating, that I qu^ioa- 
very much- whether any of ^em 

would: 
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would ever have adopted the plan 
they approved, if ah horizontal 
chimney, which was built a little 

1 ^ ^ ^ ^ I _ 

time ago in Middleton Dale, for a 
. quite dllFerent ^purpofe, had not 
given them a full " proof of the 

f 

prafticabilicy of faving the fubli- 
mate of lead^ which is loft in the 
ordinary method of fmelting. This 
chimney was built on the fide of aa 
hill to prevent fomc adjoining paf- 
tures from being injured by the 
fmoke of the furnace. It not only 
anfwcrs that end, but it is found 


alfo to colleft confiderable quanti¬ 
ties of the lead, which is fublimed 
during the fmelting of the ore ; 
this fublimed lead is of a" whiciih 


caft9*.,ind is fold to the painters at 
ten - or twelve pounds a ton; it 
jjllght perhaps be converted into fed 
iHd ivith ftili more profit. 


Afe- 




A fecond circumftance to be at¬ 
tended to in the fmcking of lead ore, 
is the faving the fulphur contained in 
it. The pure lead ore of Dcrbyfhirc 
contains between an eighth and a 
ninth part of its weight of fulphur; 
but as the ore wRich is fmelted is 
never pure, being mixed with par¬ 
ticles of fpar^ cawky limejione^ brazil^ 
and other fubftances, which the mi¬ 


ners call we lhall be high 

enough in our fuppofition, if we fay 
that theordinar/ore contains a tenth 
of its weight of fulphur; it may nor, 
probably, contain fo much, but 


even a twelfth part, could it be col- 
jcfled at a fmall cxpcnce, wou|d ^ 
an objcdl of great impforcance if the 
fmclter. In the common method of 

* • < Ik*.. 


fmcltins lead ore there is nd ap- 
jl^araiice of the fulphur it coniains. 





it is confumed by the flame of the 
furnace^ as foon as it is feparated 
from the ore j an attentive obferver 
may> indeed, by looking into the 
furnace, diftinguilli a diverfity in the 
Colour of the flame,^ at different pe¬ 
riods of the procefs; during the firft 
three or four hours after the ore i« 


put into the furnace, the flame has 
a bluifh tint, proceeding no doubt 
from the fulphur >vhicfa, in being 
fublimed from the ore, is inflamed: 
after all the fulphur is feparated 
from the ere, the flame has a whic- 
ifli caft, and then, and not before, 
the fire may be raifed forfinifhing 
the operation ; for if the .fire be made 
llrong before the fulphur be difperf- 
ed, the <|uantity of lead islcfe, pro¬ 
bably,, for two reafonsj the fulphur 
^Jjites:irielf in part to tlus lead which 

is 
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is foftrtedj and by this union be* 
Comes infeparable from it 5 for tht 
fulphur cannot without much diffi* 
• ciilty be feparatcd from an artificial 
mixture of lead and folphur, when 
the two ingredietfcs have been fufcd 
together.—2. The fulphur, whilft 
it continues united to the lead in 
the natural ore, renders the ore vo¬ 
latile, ib that in a flrong heat a great 
portion of it is drivea ofF. Hence^ 
very fulphureous ores fliould be 
roafted for a long time with a gen¬ 
tle heat, and in this proper mana^e-^ 
mentof the fire* principally confifts 
the fuperiority of one fmelrer above 
-another. 

An old lead fmelttr informed me 
tliat he bad often reduced a ton of 
ore to *16 hundredweight byToaft- 
ing it* but that be did not ^l^cain 

-more 
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fXiore metal from it by a fubfequent 
fblion^ than if he had fluxed it with¬ 
out a previous roafting. This may 
be true of fome forts* of ore, but it^ 
is not true of very fulphureous ores. 
Indeed the fire ntibiy befo regulated 
in a cupola furnice, as to make it 
anfwcr the purpofc of a roafting and 
a fmelting furnace at the fame time. 

I have feen much lead loll by fmelt¬ 
ing a ton of fulphureous ore in eight 
hours, which might have been faved, 
if the fire had at firft been kept fo 
gentle as to have allowed twelve 
hours for finiihing the operation. 

Sulphur cannot be feparated from 
lead ore in clofc veflels, and the lead 
ore melts with fo fmall a degree of 
heat, that there may be more diffi¬ 
culty in procuring the fulphur from 
the ores of lead, than from thofe of 

copper 
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copper-or kon, ho^veit'i‘^''^t 
from thinking the maft^ fmpraiftS 
cable, though, I HavO not yet hit ui)- 
,on the mcthodof doing it }■ and the 
following reflcfiions. naay, perhaps, 
tend to fopcffedfe the: neceffity of 
collefting.the fulphur inftibftance.' 

When it is faid that the lulphur is 
confumed by the dame 6f the fur¬ 
nace as foon as’it is feparated from 
the ore, the reader will pkafe to rc» 
colleft, that fulphur conMs of two 
parts,—of an • indammable parr, 
by which it is rendered combuftible, 

'—and of an acid part, which is fct 
at liberty, in the form of vapour, 
during th? burning of the fulphur. 
Now this acid, though it. majS be 
driven out of the furnace, in^ the 
form of .a vapour, yet it is iocaflible 
of being thereby decompofed i i|iliJl 


VOt. 111. 


ton- 
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continues td be an acid •, and, could 
tfte vapour be condenled, might an- 
firer all the fame purpofcs as the 
acid of vitriol; fince' all the acid of 
.vitriol, now ufed in commerce, is 
adfually procured* from the burning 
of fulphur. That the faft, with 
refpeA to the acid not being decoin- 
pofed, is as I have ftated it, may be 
readily proved. The fmoke which 
iffues out of the chimney for fome 
hours'after each* frefh charge of ore, 
has a fuffocating fmell, perfetftly re¬ 
sembling the fmell of burning brim- 
'\ftone ; and if a wet cloth, or a wet 
hand, be held in it for a very fliort 
Space of lime, and afterwards appli¬ 
ed to the tongue, a drong acid will 
be fenfibly perceived. Various me- 
tht^ may. be invented for condenf- 
this acid vapour, and, probably, 

' ■}- more 
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«ioTe commodious than the foHow- 

i w ■» » " * 

itig one, which, however, I \vill juft 

•take the libecty of mentioning, a^, 

if it Ihould not fucceed, the trial •wjll 

43e attended with«very little ex pence. 

Suppofing then an horizontal 

chimney to be built, let the end far- 

theft from the fire be turned up by 

a tube of earthenware, or otherwife, 

fo that the fplphureous acid may 

ifTtie out in a direftion parallel to tliq 

flue of the chirnney, and at the dif- 

tance of about a foot and an half 

above it. Let a number of large 

globular veflcls be made of e|ther 

glafs or lead^cach ofthefe gl|)bes 

mu ft have two neckj, fo be 

■ ^ 

capable of being inferred intOj^one 
another; kt. thefe vcffels be plitce4 
-on the of the chimney, ^the 
riieckof the firft being inferted into 

f 

T 2 the 
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ihfe tube through which we have 
fuppofed the fulphureous acid to 
ilTue, and the neck of the laft being 
left open, for fear of injuring the 
draught of the furnace. Let each of 
ihefe globular veiTeU contain a fmall 
•quantity of water, then it is con- 
-ceived, that the heat of the flue will 
raife the water into vapour, and that 
this watery vapour will be the means 
of condenfing the fulphureous acid 
vapour, if not whollj^ at lead in 
fuch a degree as may render the un¬ 
dertaking profitable. When the ful- 
phur is all confumed, the draught 
of the furnace may be fufFered to 
have its ordinary exit at the end of 
the horizontal chimney, by a very^ 
flight * contrivance of a moveabje 
damper. Since the firft publication 
•of the preceding Effay, I have feea 

an 
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an horizontal chimney at the copper 
works near Liverpool, where every 
thing 1 had faid concerning tlie pro¬ 
bability of faving fulphur by roaft- 
ing lead ore, is verified with refpedJ 
to copper ore; and I believe a patent 
has been granted to fome individual 
for this mode of collefting fulphur. 
Sulphur might be obtained with 
equal facility from the pyrites which 
is found amongft coal, and this ap¬ 
plication of the.pyrites might, pro¬ 
bably, be more lucrative than tho 
prcfent one—making green vitrior*\ 
A third circumftance,. which re¬ 
quires the utmoft care of the lead 
fmelter, is the leaving as littiedead 
as poffible in the flag.- Near ^ery 
fmelting houfe there are thoumnda 
of tons offlag, which, when properly 

7 J 

♦ VoU I. p, 229. 
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affaycd, are foun^ to yield from onc' 
dghth to one tenth of their weight 
of teady though no perfon has yet 
difcovcred a method of extradling 
fo much from them' when fmelted 

K ' 

iti large quantities'} and indeed the 
belters are fo little able to obtain 
all the lead contained in them, that 
in many places they never attempt 
to extraft any part bif it: in feme 
places where they do attempt it, 1 
have known the proprietor of the 
flag allow the fmcltcr^ 20s. for every 
pig of lead they procured of the va¬ 
lue of 38s. befidcs fumilhing them 
with fuel: and yet the men employ¬ 
ed in fuch an unwholefome bufinefs, 
feldom made ibovc 7,8. a week of 
their labour. This fufion of the 
flag of a cupola furnace is made, as 
has been nK^tioned,. at a-hearth fur¬ 
nace j 
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nace$ the coal cindert which thqrtife 
as fuel, and the flag, we foon melted 
by the ftrong blaft of the bellovrs 
, into a black Unafs, which, when the 
fire is very llrong, becomes a pcrfe^ 
glafs } this blaclc mais, even in its 
moll liquid Hate,’ is very tenacious, 
and hinders many of the particles oT 
lead from fubllding; and it bein^, 
from time to time removed from the. 
furnace, a ccrtifiderablc quantity of 
lead is left in it, and thereby loll.. 
A principal part of the lead con¬ 
tained in the flag of the cupola fur- 

1 , 

nace, is not, I apprehend, iff the 
form of a metal, but in the fdrmj of 
litharge or calcined lead : a pdfrtion^ 
of the lead, in being (melted fro|n its^ 
ore, is calcined by the violent of 
the firdj this calaned lead i^J not: 
only very vitrifiable of itfclf, . it 

T 4. lMps » 
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helps to vitrify the fpar which is 
mixed with the ore, and thus confli- 
tulcs the liquid fcoria; might it not 
be ufeful to throw a quantity of char*- 
coal doft upon the liquid fcoria in 
the cupola furnace, in order that the 

calcined lead might be converted 
into lead by uniting itfelf to the 
inflammabllr-gprinciple of the char¬ 
coal?—Iron vKll not unite with 
lead, but it readi^ unftes with ful- 
phur, and, when added to a mixture 
of lead and fulphur^/ic will abforb 
the fulphur, leaving she lead in its 
metallic form ; might ifenot be ufe- 
ftJ to flux fulphureous lead ores in* 
conjundion with the fcaks or other 
refufe pieces ofiron, or even with 
fome forts of iron ore I —— The 

j|r 

fmelter’s great care fliould be fo ex- 
trad as mucb lead as poiEble at the 

firft 
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f 5 rft operation of fmelting the ore, 
and to leave the (lag as poor as pof- 

fible; but if he fliould ftiil find either 

^ * 

the flag of the cupola fornacc, or 
that of the heardt furnace, contaia- 
ing much le^ (as that even of the 
hearth furnace certainly docs), he 
may, perhaps, find it worth his while 
to reduce the flag into a powder by 
a ftamping mill, or by laying it ii> 
highways to be ground by the carts, 
or by feme other contrivance, and 
then he may fe*paratc the ftony part 
of the flag from the metallic, by 
wafliing the whole in water, inafmucfit 
as the metallic part is far heavier 

than the other. I 

} 

I eflimated the weights of|evcrafr 
pieces of flag, and found tiem to 
differ‘very much from cach|bthcrj 
this difference is principal!^ to be 

?' at- 
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»«6utcd to the difleientquantWes 

“'’laJleftiothem. 

, Wd^hr of a cubictfoot of- 

^io^ * Menace, where! 

too lime WM ufed - . * ' > 15^0 

flag from a ijggrjh'fi, . . , ‘ 

Another piroe .... 

%ck flag from another hearth fur.-i 
Mc^itruck fire with fletl . j 3378 

Blick glifs-flag ... '' 

#-pl . • * 337^ 

This may. not be an improper 
P ace to add a word or.two concern- 

“g the 

^nftitutes one of the principal ftrata 

« the mining country* and which'. 

”fPPfd to have beep in its origin 

% thrown out by a 
perfeay. refembles Tome of the fpe- 
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h the hardnefs ofits tesfturc, an# 
blacknefs of its cotour, but in 
weight y a cubic foot of forac forts- 
of Derbyfliire toadftonc weighings 
more,, and of other lefs than a cubits 
foot of .the Vffuvian lava, which it 

rcfembles. The ftreets of London ^ 
have fome of them been paved, of 

late years, with ,a toadjione from Scot^- 
landy of the fame nature as the Dcr-^ 
byfliire toadftonc ; and the ftreets of 
Naples have for many centuries paft: 
been paved with the lava from Ve- 
fuvius which rtfembtos toadftone^ 
Neither the Derbyfliire toadftqne,- 
nor that fort of Vefuvian lava wHkH 
refembfes it, iecni to have experienired 
in their formation any great de^ee 
of heat i they are but in a half veri¬ 
fied date: the toadftone I have wc- 
qucntly radted- in 'a ihiith’^ wge 

, into 
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into a black glafs, and the Vefovian 
lava gives a glafs of the fame kindr 
The aif has a manifeft aftion upon 

I 

the Derbyfliire toadftone, for it not 
only waftes away the fpar which is 
found in the blebs orfofnc forts of 

e 

toadftoney but it reduces into a 
brownilh mould, fit for vegetation, 
the moft hard and cpmpafc forts j 
the Vefuvian lava is fubjeft to the 
fame change from the operation of 
the fame caufe. 

Weight af a cubic foot of 

Avoir, oz. 

Toadflonc hard and free from, blebs - 3884 

Vefuvian lava refembling toadftonc - 2865 

Iron flag, a greenilh gkfs - - . - 3^84^ 
Iron flag,, a browniffi glafs - - - 2729 

Iceland cryflal—Mr. Cotes - - - 272 a 

Toaditone, decajdng - -- - - 2680 

Another piece - - - - - - 2662' 

Another piece - f. - - - - - 2558 

ESSAY 
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SILVER EXTRACTED FROM LEAD. 


W E have no flivcr mines, pro¬ 
perly fpfeaking, in Great Bri- 
Ukj but we have plenty of lead, 
from which filvcr is, in fome places, 
extrafted with much profit. If the 
method of doing this had been known 
to the ancient Britons', it mightiave 
freed our country from the reproach 
of Cicero, who tells his friend Amicus, 
that there was not a Icruplc ©fplver 

* - f 

> • 

m 
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in Ae whole illand* ,• and in another 
place, he fays, that he had heard 
there was neither gold nor filver in 
£ritain-\. The Romans had a very' 
imperfedt know ledge of this country 
in the time of Cicero^ fb that his ac- 
count of the matter may nor, per¬ 
haps, dcfcrvc to be much relied on j 
we are certain, at leaft, that about 
fifty or fixty years afterwards, both 
gold and filver were ‘ reckoned by 
Straio amongft the produfls of Bri- 
herice, if the Britons did not 
underftand the art of ex trading fil-; 
ver from lead at the firft invafion of 

the 

i . 

* — etiam illyd jam cognitum efl, ne- 
qiic argenti fcrupiihim eite nil urn ia illn infula 
{Britann.) Epi(f. ad Att, L. JV. E. XVII. 
f Epift. Fam. U VII/E. YU, 

,},L. IV. p. 305^—^ alfo Tacitus’s Xifie 
of Agricola, 



the Romans, they foot) learned it 
from their con^uerorsi and this be¬ 
comes more probable, if it be ad¬ 
mitted, that friver was coined in Bri¬ 
tain in the time of JlUguftui\ 

Silver is foj:ommonlycontained ik 

lead, that it is efteemed a very great 
curioficy to meet with lead which ia 

intirdyfree from it: it has even been 
alTerted, that there is no lead in the 
world, except that of Pillaci in Ca^ 
rintbia^ which docs not contain fil- 
ver-h. • 

« V t- V ^ 

The more ancient alchcrnifts, not 
knowing, probably, that filveijwas 
fo generally contained in lead,iand 

r , j 

; yet, 

* Sir John Pettus’ Fod.*Reg. I 

f II n’y a point de plomb ail mond^ hor- 
mis cclui de Villach, qui ne contien^de P 
. argent*. Lehman fur les Mines, Vol*|l. p* 
174.—;See ^Ifo-Fhilof, Traiit for 161^, 
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« 

yetobfoving that lead, when treated 
according to their procefles, often 
gave a portion of filver, were of 
opinion, that they could convertlead 
into filver*. This was an cafy miftake, 
and if they had obtained a portion of 
gold, they would,' no doubt,' have 
concluded, that they had tranfmuted 
the lead into gold; fince there is no 
metal, perha{>s, which does not €on- 
Itlin a finall quantity ofigold, or from 
which gold may not be Jeparated by 
long calcination. * 

Lifter had long ago obferved, that 
all the Englifli lead contained filver j 
and he fpeaks aS having, by his own 
experiments, proved the exiftence of 
filver in the le^d of at leaft thirty 
difierent mines ■{■5 nor has any per- 

• fon 

* Gebri Chem, t. I. C. XIX. 

^ Xa%<te.fpntibus, Cai>. H. S.o, la 
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fon fince his time, found lead wholly ‘ 
free from filver. The 'D&rhyjhire lead 
has been faid to contain two grams 
'of filver in a pound of lead*, 
livery general (jbfervation of thfs, 
kind is liable*to nciuch contravention 
from particular fads; becaufe the 
quantify of filver contained in lead, 
is not only different according as the 
lead is fluxed from the ore of differ¬ 
ent mines, but it is very poflible in 
an affay of the ore of the fame mine 
to meet with one piece of ore which 
111 all afford a lead yielding eight or 
ten times as much filver as another 


piece would do. Thisdiverfity arifes 
from the ore icfelf b^ing variaWe in 
quality in different parts of the feme 

mine; and even different lumps of 

• * 

ore, though coiUiguous toeacheiher, 

Iwill 

* Ope'r. Min. ExpBcataJ p, 263. 

VOL. IH. U 
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will ofttn yield very different quan¬ 
tities of filver, from the fame quan¬ 
tity of lead. This obfervation may 
explain the reafon of the very oppo- 
fite teftimonies, v'hich have been 
fomctimes given in courts ofjuftice, 
concerning the richnefs of a mine 
from particular affays j the plaintiffs 
and defendants, where the iffiie to 
be tried was the quantity of Giver, 
having been feverally interefled in 
getting the befl: and the word: pieces 
of ore affayed, in order to fupport 
their refpeftive claims. There was a 
notable inftance of this with refpeft 
to the lead mine of EJi-kyr-kyr in 
Cardigatijhire^ which was difeovered 
in id^o. The law at that time-md- 
jadged every mine to be a royal Mne 
the metd of which edntained enough 
gohl^r Giver to Qompenfate the 

charges 
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charges of refining, and the loia of 
the baler metal in which they were 
contained. In confcqucncc of tKis 
law, the patentees of royal mines 
laid claim to the nnine of EJi-kyr-kyfp 
which^was rich ia filver, 'and they 
produced proof in Wejlminjier-hall^ 
that the lead of that mine contained 
to the value o&fixty pounds of filver 
in every ton whilfi the proprietor 
produced proof, that it only contain* 
ed to the valuf of four pounds of 
filvcr in a ton'^. 

I have been infbrnuied by an in^ 
telligent perfon, that there arclbme 
lead ores in Great Britain, wl^ch, 
though very poor in lead, cor^atn 
between three ^nd four hunired 
ounces of filvcr in a ton of the l|ad. 
It U not to be ekpefted that the ]|rD^. 

pri^ors 

♦ Some Account of Mines, p, a;, 

U 2 
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prietors of thefe, or of any other 
ipines rich in filvcr, Ihould be for- 
ward in declaring to* the world the. 
quantity of filver which they con¬ 
tain. The proprietor indeed of a 
lead mine contaiTning filver^ may 
work the fame, without any appre- 
henfion of its being taken from him, 
under the pretence "bf its being a 
royal mine j yet the cijown, and per- 
fons claiming under it, have the right 
of pre-emption, of aH the ore which 
may be railed. - There was an aft of 
parliament pafTed in the hxth year 
of William and Mary, intitled,—An 
aft to prevent difputes and contro- 
verfies concerning royal mines. — 
This aft gave great quiet to the fhb- 
jeft, bf declaring, that every propri¬ 
etor of a mine of copper, tin, iron, 

1 ^ lead, Ihould continue in pofTeinon 

of 
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of the fald mine, notwithftandina its 
being cjaimed as a royal mine,, from 
^its containing gold or filvcn but it 
further cnaftcd, that their majefties, 
their heirs and Ijjcccflbrsj^ and al> 
claiming under them,, fliquld hav^ 
the privilege of purchafing all the 
ore which Ihould be raifcd out of 
fucli a mine, at*the following prices; 
that is to fay^ paying for all ore 
waflied, made clean, and merchant¬ 
able, wherein is copper, after the 
rate of fixtccn pounds a ton; for tin 
ore (except thatraifed inOevonfhire 
and Cornwall) forty foillings; for 
iron ore forty Ihillings; and for lead 
ore nine pounds a ton. This Hand- 
ard price of nine pounds a toa, for 
• lead or.e was, at the time it waslfix- 
ed, much higher than the ordij|ary 
pi iCc of ore, in which there wasf no 

u 3 filvcr 
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fihrer worth cxtraftingj the bell 
kind of Derbyfhire lead ore beings 
at jjrefent, generally vorth no more ^ 
than fcvcn pounds a ton* It may 

dcferve, however, thcconfidcratiOnof 

( 

the legillature, whether the cl'aufe hi 
the forementioncd aft, refpcfting the 
right of pre-emption, fhould not be 
'wholly repealed 3 as "there may be 
many lead mines in England very 
rich in filvcr, but which, on account 
of the difficulty of working them, 
cannot be entered upon with advan- 
tage, whilft this right fubfifts. A« 
many lead mines, moreover, there 
are large quantities of fteel* grained 
ore raifed together with the ordinary 
fort; now it ^generally happens that 
the fteel-graincd ore is mach richer 
in filvctfihan the ordinary diced ore 
of Derliyfiiirci apd it might, if fepa- 

rated 
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rated from the reft, be worked for 
filvcrj but wither from an appre- 
henfion of the operation of the claufe 
we arc fpeaking of, or from mere 
ignorance or inattention, afr the forts 
of ort , are mixed ^nd fmclted logc-* 
then 

Silver has formerly been extra&ed 
from lead in a great many places in 
this ifland. In the reign of Edward I4 
near 1600 pounds weight was ob¬ 
tained, in the courk of three yearj^, 

® ■> 

from a mine in De^vendoire^ which had 
been difeovered towards the begin- 
nintr of his reisn ; this mine is called 
a Giver mine by the old writer^ but 
it appears to have ^bcen a m^c ^ 

lead which contained Clvel’ | The 

' 1 

' 4 

* Holltnglhed’i Chron, Vol, IT* 316, 
Secalfo, in the fame aiiiliorj a father |ccmmt 
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lead mines in Cardiganjbire have at 
different periods afforded great quan-* 
tides of filver: Sir Hugh Middle* 
ton is faid to have cleared from 
them two thoufand pounds a month 
and to have beet* enabled ithere- 
by to undertake the great work of 
bringing the ne>v river from W'are to 
Lopdon ; and in allufion, probably, 

. to thefe two great circumftances of 
his life, there are painted upon fome 
of bis pictures the twq terms —fontes 
—fodin^. Thefe fame mines yield¬ 
ed, in the time of the great rebellion,. 

■ eighty ounces of filver out of every 
ton of lead, and part of the king’s 
army was paid w^ch this filver, which 

was 

of filver extrafted from tlie lead in Devpnlliire 
and Cornwall in ,tlie time ‘of Edward HL 

r- 4^3-J; ' ‘ ' , .. 

Opel. Min. Explic. p. ^45. 
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was minted at Shrewjbury *. A mint 
for the coinage of Welch filver had 
before that tione been eftablifhed iti 
i 6 ^y Sit Jheryjiwilki the indenture 
was granted to Xl^omas Bujbel for thV 
coining of half-*crowns, fliillings, 
llx-penceSj two-penccs, and pennies, 
and the monies were to be ftamped 
with the oftrich feathers on both 
fides In tl|e year 1604 near three 
thoufand ounces of this Welfli bul¬ 
lion were minted, at one time, at the 
Tower J. fFebJlery in his Hiltory of 
Metals, publiflied in 1671, makes 
mention, from his own knowlctjge, 
of two places in Craven^ in the ^ell- 
riding of where forn^rly 

good frlver ore (lead ore aboun|ing 

VV 

I 

* Sir J* Pettus, Ellay on Metal. Woi|s» 
f Rym, Feed^.Tom. XX. 1.64* 

I Some Account of Mines, p. 6* 
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in filver) had been gotten. One of 
the p]^8 was Brungbill moor in the 
paHfh of Slddburn, the ore of which 

■f i O 

Mid about the value of lixtjr-feven 
pounds of filver in a ton: the other 
was Shlkorn field whhin tM townlhip 
of Rimmington in the parifh of Gj/*- 
burn^ it had formerly belonged to 
<mc Pudfey^ who is fuppofcd to have 
coined the filver he got out of his 
mine, there being many fiiillings 

in that county which the common 
people called Fudfey’s (hillings*. 

There is not at prelent any place 
in where filver is extrafted 

from lead. A work of thw kind 
^was eftablilhed j few years ago not 
far from Matlock^ and the lead yield¬ 
ed fourteen ounqes of filver from a 
ton; the mine which afforded 

the 

Webfiers Wtetal. p. lu 
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the ore was foon exhaufted, or be« 
came too dlfficolt to be worked withr 
profit. There is a lead mine in 
Paiterdale near Kefaitk, which yields 
between fifty and hxty ounces of fll- 
ver from a ton of*the lead: the ore of 
this mine is reckoned to be poor in 
lead i and indeed it is very common¬ 
ly obferved,‘that the pooreft lead 
ores yield tjje moft filver, fo that 
much filver is pr^>bably thrown away, 
for want of halving the ores of the 
pooreft fort properly ;^ayed. 

The quantity of lead fmelted an» 
nually in Dcrbyfhire, may be efti- 
mated at 7,500 tons upon an av^ges 

A 

fifty years ago the average waS^prd- 

bably, 10,000 tons a year, bift we 

' ^ 

put it high enough in fiippolihg it, 
at prefent, to amount to 7,500 |ons t 
1 have never been ^h; to gd any 

proper 
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proper information, concerning the 
quantity of lead annually fmelted in^ 
other parts of Great Britain, but for 
the illuftration of the fubjeft we 
are upon, let us fuppofe, that in the 

Q 

whole kingdom 30^000 tons of lead 
are annually fmelted, and that at a 
medium each ton of lead would 
yield 12 ounces of filverj then would 
there be, if all the lead was refined, 
a faving of three ounces of filver 
from each ton of lead, of ninety thou- 
fand ounces in the whole i our Eng- 
lifh workmen reckoning that nine 
ounces of filver are full adequate 
to the cxpence of refining a tou of 
lead, added to othat of the lead 
which is loft during the operation*, 

, r The general manner of extrafting. 
filver frq^ is every where the 
Vtry fiaiple, depending. 

upon 
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tipon the different effential proper^ 

ties, of the two metals. —It is • an 

^ITential property of lead, when 

melted in the open air, to lofe its 

metallic appearance, and to buTn 

awav into a kind of earth.— It is' 

^ « 

an effential property of iilver not to 
burn away, or to lofe its metallic ap¬ 
pearance when expofed to the adtion 
of the ftrongeft fires, in the open air. 
Hence, when a mafs of metal, .con- 
fifting of leac^ and filver, is melted 
in the open air, the lead will be 
burned to aflies, and the filver re¬ 
maining unaltered, it is eafy to un- 
derftand how the filver may be ex- 
traced from the lead i fbr being hea« 
vier than the aihes of tbe. leac^ and 

(fince no mefal is mifcible.w^h an- 
earth), it will hnk to the bott^m^of 

the 


incapable of mixing with them 
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tht v<j0el which the luaft h melt¬ 
ed* ^lrOfi> tip, acfed ct^per, rcfcni- 
lead, in being convertible into 
H kind of afliea, when expofed to the 
nftion of air and fire, and gold re- 
iemblcs Hl^er in not undergoing any 
change from fuch aftion j hence ei¬ 
ther gold or filver, or a mafs con- 
iifting of both, may be purified frorn 
^y or all of thele metala by the 
jperc operation of fofioijj for thde 
metals will rife to the top of the 
veflel, in which the fuli.on is made, 
in the form of an earth pr drofs, leav- 

•ing the gold or filver pure at the 
bottom. 

The ancients certainly knew that 
lilver could be purified from the 
bafe metals by the force of fire._ 

ts we betowe 
^ofj^aU they m hmjs (copper)^ md 

tin. 
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th, and iron, and lead, in the mi 4 /l of 
the furnace, they are even the dr oft of 
ftlver *. Ao4 as wc read of filWr 
being purified feven times in a fur¬ 
nace of earth it may, perhaps. Be 
inferrwi, that the*method of refining 
filver, which was then in ufe, con- 
fifted in reducing the bafe metals 
into earth, by a repetition of the 
procefs of fufion. This inference, 
it muft be owned, is rendered doubt¬ 
ful by a paffage in Jermiab\—the 
bellows are burned, the lead is con/timed 
of the fire, the founder tneltetb in 
—This paffage is fomewhat adibi- 
guous, and interpreters tranfiatd the 
original Hebrew differently, | but 
moft pf them coUeft from it, th^ the 

• Ezek. xxii. i8. Pf. xii, 6.] 

Jetem. vi. 29. >, .. ]■ 
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'^dded lead to the mixed 
mais which he wanted to refine* 

. ^Lead, when reduced to an earth 
by being borned in "the open air, ' 
^B^ay, in a ftronger degree of heat, 
be converted into ayeltowifli glafs % 

which 

* OthennetalTic fiibftances yield coloured 
glaffes, either when vitrilied alone, or in 
conjunction with pure gUls. hi enamel and 
china painting, they prepare rofc red and 
purpk colours from gold 4 fcarlet reds from 
iron, or vitriols that partake of it; greens 
from copper; blues from cobalt; blacks 

from magnefia, zaffer, and fcales of iron; yel¬ 
lows frbni lilver antimony, Naples yellow, 
and crocus mart is; white from‘tin* Th^ 
fame fubflance ydelds dhferent colours, ac¬ 
cording to the degifee of heat to which it is 
exposed 5 tlms,, the green colour^ of common 
glafs bottles, which proceeds from the iron 
contained land and vegetable aflies from 
which thei^ is made, is changed into a blue 
hy degree of heat. 
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"wrhich has the property of grfeady 
•contributing to the eafy vitfificatioa 
of all earthy fubftances j liencc, whitn 
, gold or filver are mixed with iron, 
copper, or tin^, it is ufual to add 
the mixed rq^fs^a quantity of lead, 
in order to accelerate thepurification j 
for the lead will be converted into 
glafsj and this glafs will vitrify all 
the extraneousYubftances with which 
the^old or fiiver are polluted, with¬ 
out exerting the leaft aftion upon 
the precious metals themfelves. 

I do not know upon what grounds 
one of the mofl: difcinguiflied 

I 

mifts of the age has averted, " 

the redoing of gold and iilver m^e* 

• # ^ 
ly by the action of the dre was the 

only method anciently known 

f Chem. I)i6t. by M. Mr- 

defining. 

VO^. 


X 
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ahd that the doing it bf the addition 
of Itad, is a difcovery with which 
tho ancients were unacquainted. 
Kbt to inlift upon what has been 
qnotcd from Jtremiab } in Diodorus 
Siculus there is a Verv' minute de- 

n • 

fcription of the manner of wotking 
feme gold mines in the confines of 
Egypt and Arabia ; this defeription 
was probably written on the fpot 
when he vifited that couritry, but 
the inode of operation feems to have 
been derived from a more early pe¬ 
riod ; as the difeovery of the mines is 
attributed by him tofomc of themoft 
ancient Egyptian kings 5 amongfl: 
Other particularities^ he takes notice 
of their melting the mineral in con- 
jnnftion with a little tin, fomcfmall 
portion of fait, and a.lump of lead* 

Strabo 

Diod. Sic. Xib.llL p. 183—189. 
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^ira^o quotes Polybius as (making of 
a Giver ore, which, after being five 
times waGied, was melted with leads 
^ and became pure fiJven Unfortu¬ 
nately this part of the works of Po* 
lybius is loft, or^wc might have hafl 
a more circumftantial knowledge of 
the proccflcs by which the ancients 
extrafted filver from its ores, as 


Strabo fays, that he omitted Poly¬ 
bius’s account of this matter, becaufb 
of its prolixity.* Pliny probably 
has an allufion.to the ufe of lead in 
refining filver, when he fays, that a 
filver ore in the form of an earth 
could no be melted except in con- 
junftion with lead or the ore of le^..f 
A more diligent fearah into the \#it- 
ings of the ancients 'would, doi|bt- 


* Strab, Geo. Lib. II. p. 2 3t. 

‘f Plin. Hiil. Nat. Lib. JLXXIII. 
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kfs, furnilh more authorities upon 
the point, but thefe may be fuiSE- 
<icnt to induce us to believe, that 
they were not unacquainted with the 
tlfe of lead in refining gold and fiU 
ver,—But to return to the manner 
of extrafting filver from lead. 

The vefiel in which the workmen 
melt the mafs of filver and lead, is 

of a fhallow form, that a large fur- 

< > 

face of the melted mafs may be ex- 
pofed to the air; it is made ufually of 
four mcafures of the alhes of calcined 
l)ones, and of one meafure of un-- 
walhed fern aflies, and is called a 
This velTel is very porous, 
c but 

^ Tefls arc fomerimes made of clay and 
other loateriaU, and metallureic writers of- 

j “ j 

ten order the wood afhes‘to be waftied, left 
liie fairs which they contain iliould 

vitrify the teft.; but a very good re¬ 
finer 
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6 ut not fo inuc}i as to imbibe the 
tnetal. whilfl; it continues in the form 
of a metal i but as the earth, into 
. which the kad is foon reduced by 
the acSian of the fire, becomes mejt- 
ed, the teflimbibes a portion of it 
in that liquid ftate, the other por¬ 
tion is driven off (as cream is blown 
off from milk) from the furface of 
the melted mafs, by the blaft of a , 
bellows. The liquid^ half vitrified, 
earth of lead, which is thus driven 
off, conGretes*into hard mafies of a 
fcaly texture, and is called in,that 
ftate litharge^ or filver Hone, frem 
the manner of its being produced, 
or from an idle notion of its feon- 

i;a|3ing 

finer at Holywell informed me, that hedways 
ufed the afhos without wailiing them, |s the 
Tcflci becair.e thereby lefs apt to cruaibl| 
pieces, 

XJ ■ 
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tainirig much filver-^ The li chafer 
ivhich is firft harmed is whitiih, that 
Krhich experiences a greater ddgrce 
af heat ii red ; the colour of the 
litharge is alfo influenced by that of 
the other metals, which may chance 
to be mixed with the mafs of lead 
and elver. When the furface of the 
melted mafs becomes white, and 
throws up no more litharge, the ope¬ 
ration is flniflied; but as the re¬ 
maining filver is not quite pure, 
fince it contains a fmall portion of 
lead, from which the degree of heat 
requiflte for melting the mixed mafs 
cannot readily free it, it is taken to a 
refining furnace, and rendered quite 
pure, at leafi from lead, by cupella* 
lion. This procefs confifts in melt¬ 
ing the filyer obtained from the firft 
operatic^ in a veflelfmade of the 

.lame. 
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fame materials as the tcft, and which 
from its refediblance to a wide- 
mouthed cup, has been called a 
twpel. The cupel being expofed to 
a ftronger heat than the teft, the lead 
which had efcaped the ad:ipn of 
fire on the tell^ is now driven out 


from the filver, and being converted 
into litharge, is abforbed by the cu¬ 
pel ; and by ‘this means the iiiver is 
purified from every metal except 
gold; for it is not neceilary, on this 
occafion, to remark, that a minute 
portion of copper, when there hap¬ 


pens to be any in a rpafs of filver and 


lead, probably efcapes the aflion of 
the fire in cupelling gold or iilyer. 
There are fcvcril fmelting hgufes- 


at HoiyweU in Flintjhiire^^ wjiere nlyer 
is extrafted from Icadi Mr. Peasant* 

X 4 ' baa 


X 4 

♦ioiu through 
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ftas given the following account of 
the quantity of filver extrafted at 
onf of the largeft of thefc houfes in 
the courfc of fix years. ' 

* ounces, ounces.- 

Year 1754-12160 ^Year 1774- 5693 

1755- 1276' 1775-6704 

1756. 7341 1776-4347 

The filver obtained from lead at 
Holywelly is chiefly fold to the manu- 
fafturers at Birwiingham'^^rxi. Sheffield^ 
Much filver is alfo extracted from 
lead in ISlorthumherlank, 

At Holywell they ufiially work off 
three tons of lead at one operation, 
the quantity of filver which they 
procure, is variable according to the 
richnefs 'of the lead j a few years 
ago they were refining lead from an 
ore found in the IJle and it 

gave them about 60 ounces at every 

ope' 
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operation, or 20 ounces' in a ton of> 
the lead. The litharge ordinariiy 
obtained from three tons of l<;aA 
• amounts to 58*hundred weight; this" 
litharge may cither be changed into 
red lead by calculation^ or it may,be 
reduced into lead again by being 
fluxed with charcoal, or any" other 
matter containing the inflaiiimable 
principle,* but v/hen it is reducei^ 
they feldom •obtain more than 5a: 
hundred weight of lcad,"|;fothat by 

• cx^. 


^ Lead from litharge is, generally fpeak- 
ing, worth five Ihillings a ton more than ore 
lead, as the plumbers efteem it fofter and Ettcr 
Ibr making (heet lead; yet the litharge lead- 
from the ore of the Itle of Man here met§ion-' 
ed, was found quite un^t for making |^cec; 
lead, on account,, probably, of the ore hfvicg;; 
held other metals befide filver and lead, .l 
f In the foreign works they efitim^te the 
uoii of \vcight,,^bich the litharge fuflaii^s ia‘ 
' ' beuig 
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the Glrcr, there is a lofs- 
^ eight hundre4 weight in three 
tqns of lead. It has been faid that 
the Dutch can extras the filver front < 
three tons of lead, and not lofe above 

r 

fix hundred weight * ^pon convert¬ 
ing the litharge into lead, and that 
this fuperior (kill, aided, probably, 
by their fuperior indufiry, enabled 
them to purchafe oUr lead, and to 
cxtrafi; the filver froni, fuch as could 
sot be refined here with advantage'^ 
I have been informed, however, by 
an experienced refiner in Dcrbylhire, 
that he could extras the filver with¬ 
out lofing quite fo much as fix hun¬ 
dred 

lieing reduced into lead^ at a fixth part of the 
dght of die i'Hfbargey or 9I hundred weight 
Irom 58 huQ^^ weight of iithargo*. Eifais 
des MincikfiToinr II. p.^ou 
^ W^&r’s Metals-P v^-235.‘ 
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idred weiglit in tfiiite tons of leadj 1 
tnake no queftion that the lofs de^ 
pends, in fotne meafure, on the qua^ 
lity of the lead. It has been re¬ 
marked before, that lead, which dqeS' 

not contain wide ounces of hlver in: 

■ 

a tonj is not thought worth the re¬ 
fining; thefmalleft quantity which- 
can be extrafled with profit^' muft 
depend much upon the price of lead,^. 
all expencc^ atter>ding the feveral 
proceffes being the fame. For eighc 
hundred wei^t of lead, which may 
be alTumed at a medium as the loft' 
fuftained during the operation of 
refining and reducingy h worth 6K- 
when lead is at i ck a ton, and it is- 
worth only 4I. i6s. -whea it M at 
I il. a ton. The value of 27 o^es 
of filVer, Which we fuppofc to fcfr the 
quantity fcparable ffpm thtt^ ^tons 

of 
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of is 7K los. 9d« at 5s. 7d. aiv 
ounce; hcnccj^ the difference be-^ 
twfcn the value of the filver obtain¬ 
ed and that of the lead loft, would> - 
when lead is at 15I. a ton, be 
iL ICS. gd, and wbenrlead is as low 

f 

as 12I. a ton, it would amonnt to 
al. 14s. 9i^. In the times of Sir 
Petths^ the ufual allowance for 
wafte in refining and reducing of 
lead, was three hundred weight in a 
ton, or nine hundred weight in three 
tons, and the lead Vas valued at 
12I. a ton,^ fo that lead h^s altered 
very little in its price in the courfc 
of above one hundred years. 

Silver is heie valued at 5s. ^d. 
an ounce; this requires fome ex- 
plinaiion. A pound of flandarjl 
fiiver in England, conCfts of 11 

ounces 


• FodiRx Reg. p, 10. 
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ounces and 2 pennyweights of /we 
lilver, and of 18 pennyweights of 
copper; in other woi^s, every naaft 
of Jiandard (ilver confifting of 40 
parts by weight, is compofed of J7 

parts of fine fllv^r^ and of 3 parrs of 

» 

copper ; the copper is called the aU 
loy. All nations ufe feme alloy both 
in their gold ^nd filver ; partly with 
a view of rendering thefe metals 
harder, and partly becaufe it would 
require much ^labour and expence to 
free them wholly from that fmall 
portion of copper, which in their 
ordinary Hate, as fluxed from their 
ores, they are generally founds to 
contain. A fiandard fi|vcr 

is coined into 62 Ihillings, hence the 
Mint^ price of an ounce of fiatAard 
sfilvcr would be a twelfth p^rt ^62 
Aillings, or 5s. 2d. From hfnee 
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it might" be jflaewn) by the rule df 
ptoporcion, that the market price of 
an>ouiKX of fiat hirer, which coa> 
tuns no copper, will be 5s. 7d. at 
the kift. The market price of fil- 
ver bullion does ndt wholly depend 
on the mint price, it can never be 
lower than that, but, from the ope¬ 
ration of various cau|es, it may ex¬ 
ceed it. Standard gold with us 
confids of II parts of^»e gold, and 
of I part of copper, or of a mixture 
of filver and copper; and a pound 
. or 12 ounces of ftandard gold, iS' 
coined into-44'!guineas-, hence the 
price of an ounce of ftandard gold is 
3I. 17s. aold. and <riie -price of an 
-ounce of fine goldds 4I. 4s. ii^d. 

Foreign gold trinkets ftain the 

• ** 

'hands mope, and h^t? a more cop¬ 
pery 

-f'EATay on Mopey and Coins, p. 2.. and 5^. 
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pciy look than Englilh ones; 
is fadt they are made of gold which 
is alloyed with a much greater 
•portion ofcop’pei:, than the ftand- 
ard gold of England; ytt, when ap 
enamel is to he 4 xed on gold, one 
of the nioft experienced of the fo¬ 
reign enamellersf recommends, the 
ufe of gold, which has ^ i^me al-* 
loy as the Englifb ftandard gold, or 
two parts aQoy, and twenty-two 
parts of fine gold. 

Copper communicates a fmell 
both to gold and filver. The i?a- 
man Jpeeulay which they ufed as look¬ 
ing glalTes, in Flirt’s time W(trc 
commonly made of fllvcr, but |he 
filver was alloyed with much cop¬ 
per i for we find a cunning waitbg 
maid in Platitus advifing her n|if> 

ttefs 

M. cleMontamy, Traite desCouIeun. 
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tr^fe to wipe her fingf^rs after hav¬ 
ing handled a fpeculum, left her 
parannour, from the fmell of her 
fingers, fliould fufpecft* her of having 
received filver from fome other 
loven 

Ut fpeculum fenuifli, metuone cleant argen¬ 
tum manus, 

Ne nfque argentum te accepifle fiifpicetur 
Philolades,* 

* Plaut. Moft. Ad. 1 . 
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ESSAY X. 


OF RED AND WHITE LEAD. 


I F the reader does not know what 
minium or red lead is, I would 
wifli him to fend for a few ounces 
of it to his painter or apothecary 

< 

Siippofing him to have a parcel 
red lead before his eyes, the 
thing which will ftrike him is its li¬ 
vid , cdlour verging a little towa^s 

'V 

oriCnge; if lie crumbles it betw^n 
rot. III. Y his 
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bi". fingers> he will And it to be an- 

almod impalpable powder; if He 

poizes it in his hand, he will, per- 
* • 

ccive it to be much heavier than , 
<(fther« brick dufi: or red ochrc^ 
with which fubftapce,*; it is fome- 
times adulterated'; if he compafes 
it with a piece of lead, he will be 
aftonilhed how it can be cither pro¬ 
duced frona lead, or be capable of 
being, by a very flight operation^ 
reduced into lead again. 

, It has been mentioiied in the pre¬ 
ceding ^dTay, that red lead is made 
from litharge this red, 

lead, which, is made from litharge, is 
not perhaps, in all its properties, of 
quite the fame kind with that which 
is made diredlly from lead; at leafl 
I have been informed, that the mak¬ 
ers of flint gla£, who ufe much red 

- p 

iead 
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lead in the compohtion of that gTafk, 
are of opinion, that the litharge red 
lead does not flax fo well as that 
which is made from the*dire£t cal- 
cinacion of lead, as is pradlifed *in 
Derbyjbire. There are in that country 
nine red-lead mills or furnaces, all of 
which are much upon the fame con- 
ftru6lion. 

The furnace is very like a baker's 
oven, its vaulted roof is not at a great 
diftance from the bottom or floor, on 
each flde of the furnace there arc 
two party walls, rifing from the 
floor of the furnace, hot not reach- 
ing to the roofi into tlie intervals, 
between thefe walls .and the fidcs of 
the furnace, the pit-coal is put, the 
flame of which bciiig di%wn over 
the party walls, and ftril^ng upon 
the roof, is- from thence reflecled 

down 


Y z 
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dawn upon the lead, which is placed 
in a cavity at the bottom, by which 
means the lead is loon melted. The 
furface of inelced lead, when expofed 
to the open air, inftantly becomes 
covered with a dufby pellicle s and 
this pellicle being removed, another 
is formed, and thus by removing the 
pellicle, as faft as it forms, the great- 
eft part of the lead is'changed into 
a yellowifh green powder. This 
yellowilh powder is then giound 
very fine in a mill, and being waihed, 
in order to feparace it from fuch parts 
of the lead as are Hill in their me¬ 
tallic ftace, it becomes of an uni¬ 
form yellow colour, and, when it is 
dried to a proffer confiftency^ it is 
thrown back again into the furnace, 
and being conftantly ftirred, fo that 
all its parts may be expofed to the 

adion 
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adlbn of the flame of the pit coal/ 
in about 48 hours it becomes red 
leadi and is taken out for ufe. 

The colour *of the red lead adnriits 
fome variety, which is occafioned bjr 
the different •decrees of hear. If 
the heat is too fmall, inftead of red 
it is yellow or orange coloured j if it 
is too great, the red colour is chang¬ 
ed into a dirty white; between thefe 
two extremes 1c isfubjedt to fomedi* 
verfity of fliades of red, which cannot 
well be noticed or deferibed, except 
by thofe who are engaged in the 
making of it. ; 

It has been aiTerted, that the re¬ 
verberation of the flame arid fmoke 


upon the furface of*che le|d, is not 
a neceflary circumftance-infeiving it 

a red colour but that itiwill ac- 

\ - 

’ y 3 V quire 


4 Inflit. dc Chym. pai,!VI, Dcmachy, p. 531. 
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iquire tliis cdlour by a long calci¬ 
nation without coming inta contafl 
-with the fiarae. The truth pf this 
alTertion I think may be doubted. I 
have more than once calcined lead 
for above 6o hours^. without fufFer- 
ing the flame of the fire to touch it 
during any part of the prooefs> but 
by this method I could never obtain 
■ any thing better thah a dirty red, 
refembling the red of brick duft, 
ivhich is very different from the 
colour of red lead; 'and even this 
dirty red was changed into a yellow 
colour, by augmenting the degree of 
beat with which the lead had been 
calcined. The method of making 
red lead is very well underftood in 
England and Hellandi but not in 
ffomi ai^ theJFrench workmen are 

lof 
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of opini<m that it cannot %e ma(|e 
by the flaoK of wopd fires 
During thecnaking of red ^eacf, 
j)art of it is* voiatilized, there rifes 
up from it a vapour, which attaches 
itlclf CO the roo/ of the furnace, and 
form.s folid ludrps. Thefe lumps 
are of a vellowifh white colour mix* 
cd with pale green and fome reddiih 
ftreaks, whefein are frequently fmaJl 
Tcd cryftals^ refembling fuch as may 
be artificially formed by fublhriing 
fulphur and •arfenic together. The 
workmen call the whole of what is 
feparatcd from the lejdin the form 
of fmokc, fulphur: when this fub* 

- 4 

limed matter is detached from the 
roof of the furnate, tht red parts 

/ AJ 

^ Mem. de PAcad, des Sclen. 1770^— 
Klemens de Mineral, par Vol. ll, 

P* 24 «* ; 
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la^re' converted by 0. fubfequcnt pro- 
ccfs, into red lead 5 and the yellow 
ones are fcnt to the fmelting fur- 
nacW) to be run down again int 4 
lead. The quantity of this fubli- 
nnaic amounts to abo^jt five hundred 
weight in making ohe hundred.tons 
of red lead. The proportion here 
affigned is not wholly to be relied 
pn^ fince the fniokc arifing from the 
leld forms itfelf into la-^’ger mafles, 

and in lefs time, when it is not con- 
ftantly fwept from the^ roof of the 
fornacc than when it isj and the 
workmen end^eavour to keep the 
roof 36 free from it as they can, be- 
caufc a iinall portion of it injures 
the colour of a large quantity of the 
r^ lead with which it happens to 
be mixed. 

A ton or twenty hundred weight 
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of lead generally gives twenty-tw6 
hundred weight of red lead, notwith* 
.ftanding the lofs of fubftance which 
the lead evidently fuftains from thC' 
copious fmoke which arifes from it 
during the (jpeption. Some authors 
tell us, that the ihcreafe in the weight 
of the red lead is double what I have 
:here mentioned: thus, OrJchaU{^t2L\^^ 
ins: of the reel lead made at Niivem^ 
iergy affuresMs, that lOo pounds of 
lead yield 120 pounds, and fome-' 
times even mt)re, of red lead^. It 
is not impoffibk that, according to 
the different manners of conducing 
the procefs, there may be a differ¬ 
ence in the quantity of wc^ht which 
the red lead acquires: I l|iid my itir 
formation from fome off the moft 

f*\ 

• I tape- 

‘ ^ Orfeb. Metal. FrenchTranfvp, ioo.~— 
M. Sage’s Miner. Vol. 11 . p. 384. 
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“experienced maker; of red lead in 
Derbyfliire. There have been great 
difputes anaongft phtlofophers, to 
"what principle this incileafe of weight 
"fliouldiDe afcribed; fome have attri¬ 
buted it to what they ca^I the matter 
of fire; others are upon good grounds 
convinced, that it is owing to the 
abforption of the air itfelf, or of 
fome of the principles of which the 
air confifts*- This hypothefis con¬ 
cerning the fixation of air during the 
«€alcination of metals^ is faid to have 
^bcen firft advanced by J^bn Reyy a 
Trench phyfician, in 163OJ Dr. iife/ej 
"was partly of the fame opinion*; 
and Dr. Pemberton very exprefsly af- 
tfoms, that calcined metals receive 
-their increafe of weight from the air, 
which, by adingon the infiamma- 

tde 

^ Ve^et. Stat. 
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t)k fubftance^ either in met^s or 
other bodies, eKpek it from them, 
and unites ii&lf (in part at leaft^ to 
the remains •of the body^/^ The 
ingenious labours of Dr. Pri^l^ and 
of M. Lav^^er have confirmed the 
conjectures and 'experiments of for¬ 
mer philofophcrs, for they have 
clearly proved two points — firft, 

that a large 'portion of air may be 

1 

Jsparated frOm red lead, by reducing 
it to the.ftate of a metal;—and 
fecondly, that a large portion of ak* 
is ahferbed by lead during-the caki* 
nation, by which it is reduced to 
the ftatc of red leadf. 

During the calcination of lead, it 
as certain, from what has been faid, 

that 

* Pember. Chem. 24^* 
t Prieflleys Exper. and Lavcjfei’s ElTays, 
tranflated by fieniy. 
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that much of it's fubftance is difperf- 
cd into the air; this fubftance may 
indeed be feen aftrending as a fmoke 
from the furface of the lead, if the 
heat be fo great as to make it boil; 
and in a lefs degree of heat, the va¬ 
pour which afeends"^from it may be 
Tendered vifible, by holding over it 
a wet iron ladle to condenfe it. But 

at the fame time that the lead lofts 
confiderably of its weight by the. 
volatilization of part of its fubftance, 
it receives fuch an ace'effion of new 
matter from the air, as renders the 
weight of the part which remains, 
much greater than that of the whole 

lead which was expofed to calcina- 
tion. This acceflion of aerial matter 
may be driven off from red leid, by 
reftoring to it the inflammable prin¬ 
ciple which was confumed durincr 
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the calcination j but after this extra¬ 
neous matter is driven off by re¬ 
ducing the lead, we ought Obt td 
expert that the lead, which is thds 
brought back to its former ftate, 
fliould weigh as much as it did be¬ 
fore -it was calcined; becaufe that 
part of ic which was volatilized and 
difperfed into the air cannot be re¬ 
covered. And in fact, it was obferved 
in the lair Effay^ that three tons of 
lead, when converted by calcination 
into litharge,* had loft two hundred 
' weight i this quantity, and, probably, 
much more than this, had been vo¬ 
latilized and loft, for thci'cmaining 
fifty -eight hundred weight confifted 
partly of the earth oflead^iand partly 
of the air which had beenffixed in ic 

S’ w 

during the <?akihatiori j hence, 

when it was reduced, it not give 

above 
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above fifty-two hundred weight. Ij» 
calcining then» aiid reducing fixty 
hundred weight of lead, there is a 
loft of eight hundred weight: a great 
part of this lofs is rightly referred tu 
the volatilization of the'^cad, but a 
part alfo may jnftly enough be re¬ 
ferred to the fcom which remains 
after the reduftion of the litharge 
into lead, that operation being fel- 
dom performed fo accurately as not 
to leave feme part of the litharge 
unreduced. I have here fpoken of 
the lofs of weight fuftained during 
the reduftion of litharge, as if it 
was the fame as that which red lead 
fbftains 5 ' there probably may be 
fomc difference between them, but 
the general inference is the fame> 
and I have been informed moreover,, 
that there is neither incrcafc horde- 

creafe 
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creafe in weight in converting li* 
thargc into redlead*^. 

In making red lead in Derbylhjrc^ 
the workmen imx one hundred 
weight of Jhg lead with about eigh¬ 
teen hundred weight of ore Icad^ 
and they are perluadcd that this flag, 
lead has a great cfEeft, in accelerating 
the converfion of the other lead into- 
an eaFth. Tm, when mixed witb 
lead, very n?uch promotes its calci¬ 
nation.; and the flag lead has this 

» pro- 

* This obfervation does not accord with* 
that of the author of thfe Familiar Difeourf®; 
coiKerning.Mines, p. 34. —‘*^ 20 hundred^ 
\veight of this litharge will produce 22 hun» 
dred weight of red Another author 

informs us that 20 pounds of lead will, by a 
long calcination,, give 2 5,pound3'Df alhes, and' 
that thefc 25 pounds of afhes wfil, when re¬ 
duced, give i9.pound5 of lead*-limciy Course 
de Chym. p* 14J* 
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propcity in witfi a mixtifre 

of tin ab<! that it does nor, 
vrhen rheJted, any colours on 

its furfacc: may not hs properties, 
by whkh it is diftinguifliable from 
ore lead, arife fronrte itii containing 
zinc or tin ? We are too apt, I think, 
to look upon tbe ores of lead as con¬ 
taining only one metal j finceweare 
certain that they all contain two, 
namely, lead and filver'i and it may 
be, that they contain other metallic 
fubftanccs, particular!]^ zinc and tin. 

In Converting a ton of lead into 
red lead, the workmen obfervc, that 


towards the end of the operation, 
a few pounds of lead, are ‘ always 
found to remain, which cannot be 
chahgea lead>with the fame 

facility whS which ordinary lead 
changed. When I was firft informed 
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oF this ciTCumftancc, I canfidcrcd 
it in the following manner.—Dcr- 
tyfhire lead, though it does not con¬ 
tain filver enough to render the 'cx- 
traSion of it profitable, yet it gene¬ 
rally contains five or lix ounces in a 
ton : filver is nut capable of being 
converted into an earth by the ac¬ 
tion of air and fire, when therefore 
a ton of lead is converted, as to its 
greateft parr.^ into red jead, wiiy may 
not the fix ounces of filver contained 
in that lead be left unaltered ? and 
may not the fuperior difficulty of 
reducing the laft portion of the lead 
into red lead, proceed from hence, 
that it is much more impegnated 
with filver, than ordinary dead is ? 
Under the influence of thi| conjec¬ 
ture, I procured from D^byftiire, 
fome of the Jead which feuiaioed 
-VOL.lHi • Z 


un- 
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in thfi aa9li;iag of r«d 
aqd X ^ycd ic foF fiker, 
Xnit it did rtofi contain more fiiver 
thaA roan.; fpecim^ns of ore lead 
tdQtained. 

L. " ^ ^ 

Xt has been remarked more than 
^nce that red lead 'm4y be reduced 
into, lead, b^ being melted with rohn, 
^IloW} charcoal, or any fubfbance 
cont^aining the inflamn^le princi¬ 
ple. The proof of this is, very ea(y; 
a few grains of red lead being feat* 
tered on a. piece of red hot-charcoal, 
'^ill. be changed into globules of 

lead; or if the reader burns a com- 
inon red wafer in the dame of a 
candle, holding a piece of white 
paper under ir,.he will lee many 
red-hot globules falling upon the 
paper, and thde globules he will find 
to be 1$^|1 • dria lead, proceeds from 

the 



( 3f5 3 

the red lead with which oroiii^ 
wafers are colotired, being reduced 
into the ftate of a metal, by upiting 
itfeif with the irtflamcnabtc principle. 
The beft wafers are coloured with 
* vcfmilion—po^wdtrcd cinnabar*. 

Having been* difappbintcd in.the 
ocpeftation of finding a large pro¬ 
portion of filver, in the fmall refidue^ 
of lead remaining after the conver- 
fion of ordinary lead into red lead % 
and being unwilling to give up the 
notion, I wa^defirous of convincing 
myfelf that I had not been guilty of 
slny miftake in the affay that I had 
made, by trying whether red lead it- 
felf did not contain fitver i for if red 
k-ad contained filver, I faw no rcafon 

ta 

* Cinhabar 1 &. an ore of quickilver; 

qiitickfilver and fulpfiir; gene¬ 
rally of 7 parts of quickril¥er to i of fulphur. 
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to be furprifed at the refiduet before 
mentioned) not containing more than 
I found it to do. I therefore re¬ 
duced a quantity of red lead into 
the ftat^ of a ■ metal, by .melting it 
with rofin ; this reduced lead was 
carefully affayed more than once, 

♦ ♦ f 

and it always afforded a portion of 
. jQlver. Hence w€ may conclude, 
that the filvcr contained in lead, 
though it be not fulyeft^to calcina¬ 
tion during the procefs of making 
fed lead, is nevcrthelefj mixed with 
ihe.Qalcin.cd lead in fuch a commi¬ 
nuted ftate, as to efcape our fenfes; 
ihc filvcr, probably, is ftill in the 
form of filver, but its particles are 
,ro indefinitely doe, that they can¬ 
not be diftinguifhed in the niafs of 
'red le^d) which contains them. 

f\ * 

.The method of making flag lead- 

has 
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has been defcribed before j I alTayed 
this kind of lead feveral times> and 
I fometitnes obtained from it % glo¬ 
bule of filler, at other times there 
was no appearance of lilver. This 
difference ki the refult of the afTays 
is not to be attributed to any differ¬ 
ence in the quatity of the flag lead 
which was afTayed, for all the pieces* 
which I tried were cut from the 
fame lump* but to the different de¬ 
grees of heat ufed in the operation j 
w'hen the fift was too ftrofig, the 
filver, I conceive, was 
Silver, I know, is looked upon as a 
metal, and not capable of being 
volatilizedi and the loft o( filver, 
when the fire is too ffrong, hks been 
attributed to its not being volati- 

•ri 

lized, but abforbed by the dfpel r I 
have no objeftion to this account: 

23 ’ btit 
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bul ihae the volatilizatioa of lllvcr 
on the cupel is no unwarranted con- 
jc^turcj,appears from bence> that in 
the procefs of refijsing lead for 
filver at Holywell, lb much of the 
Alvfcr is carried into the chimney of 
the furnace, that riiey have pro¬ 
cured a filver cup from melting the 
, fweepings* 

A great quantity of lead is annu¬ 
ally imported in the tea boxes from 
China i a Congo box contains about 
lO pounds, and an Hyfon box about 
4 pounds of lead 5 I have frequently 
afiayed this lead, and always found 
that it contained Giver, but not in 
quantity fulBcient to quit the ex- 
pence of extrafting it- 

Purclcad is heavier than purefil- 
jvei, and the purer the lead the great¬ 
er is Us weight i I calculated the 

weiffbt 
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iwight of a cubic foot tot fire 
eht forts of lead: ^ . 

Wfeiftht of a cubic foot of 

Lead from the reduftion of lead s 14^0 
Lead uncalcined m tnaking red lead •* ,113^1 
Lead fmeltedfroopan ore - • - - 11462 
Lead from the flag of a cupola fum. 11212 

Lead from a tea box - - - - - 11176 

' • 

The experihients from which I form¬ 
ed this tsiblc were r^ptktfed .at dif¬ 
ferent times, and the m^aii of leve- 
ral trials ifi the rcfpeAive forts is 
exprefled. A cubic foot of fine 
filrer weighs i tojr ounces 
The following aflays of the fevetal 
leads here mentioned, were made by 
an experienced iflayer in London j 
they are very little different from 

I thofe 



* Cotes. 
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thofe.wtjj:hJ; ..myfdf h^d n)adc> bur. 
I was defirous that the reader might 
rely, upon the authority of. a peribn 
v^rfed in the particular bufinefs of 
aila^mg^ rather than upon mine. 

« r 

Fine filver in z |)oi|rad of 

Grains 

XiCadfram the reduction of red lead - ij 
F^ead vincalcincd iti making red lead 1 1 
Lead fmelted from an ore - - - li - 

f.ead from the flag of a cupola* furn, - 

Lead from a tea box.if: 

<( 

c 

from comparing the two taWes 
together, wc fee chat the heavieft 
lead contains the leaft filver. I do 
not think, that perfons interelted in 
knowing the quantity of filvcr con-' 
talixrf in any particular fpecimen of 
lca<J, fliould fatisfied with affky- 
ing /ofr^J a portion as a pound, 
efpecially if no notice is taken of 
4 * any 



(i 3 ^ ) 

any'-weight Icfs thsm’ ofie" foBfifi o’/* 
a griiin. 

While had\ or cenjet is lead cj>r*' 
roded by vinegar. TKin plates of' 
lead are rolled up in a Ipiraf fbmr^ 
and placed tn C^rthen pots contain¬ 
ing vinegar} thele pots being ranged 
on proper {tages> and their mouths 
being covered in fuch a manner as 
to permit the vapour of the vinegar 
to efcape, and at the fame time to 
prevent any impurity from falling 
into them, a quantity of horfe-dung 
» thrown in amongft them j by the 
heat of wlvich, as it grows putrid, 
the vinegar is raifed in vapour, and 
this vapour attaching itfelf to both 
fides of every fpiral of the lead, 
which is fo placed as not to; touch 
the vinegar, it corrodes the ldadiq|o 
white fcalcs, which being blat off 

• from 
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from the plates, tVafhed aiid ground 
in a mill, conftitute the white lead 
of -the Ihops, excepting that this is 
' generally, even before it gets into 
the hahds of the painters, adulterat¬ 
ed with chalk. jCerOfe was for¬ 
merly made by the vapour of putrid 
urine inftead of vinegar. The time 
when this preparation of lead was 
fird; difeovered, is wholly uncertain; 
Diefeeridts fpeaks of its being made 
in great perfeftion at Rhodes, Corinth, 
and Lacedemon, and of an inferior fort 
of It at PuteoH and Pliny delcribts 
two ways of conducting the opera¬ 
tion, both of which are now in ufet. 

The Roman ladies were well ac¬ 
quainted with the ufe of cerufe as a 
cofinetic: Plautus Introduces a wait- 

• V. c. 103. 

\ Lib; XXXIV. S. 54. 
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ing woman refuling to give hermif-r 
trefs either cerufe or rmgty becaufe, 
forfooth, in the true fpirit of a fl^t- 
•tering Abigail,the thought her,quit*e 
handfome enough without them** 
I fuppofe the ChiyiHan ladies in the 
days of <5/. Jeretue, were given to thi& 
pagan cuftom, for the venerable fa¬ 
ther inveighs very forcibly agaiofi; 

the 

* i ■ non do,*fcita es hi qiiidem, 

Nova pidura interpolare vis opua lepldiffi-* 
mum, • 

Non iftaiic setatem oportet pigmentum 
attingerc, 

Ncqiie cerufam, neque melitium, n^qtte 
ullam offuciam. 

Plant. Moll. A^. !•- 

I 

Quid faciat in facie Chfiftiana piirpurilTu* 
et cenifa, quorum alterum ruborem genjrum^ 
labiorumqiie mentitur, alterum candfcfem 
oris et colli, ignis * juvenum, fomenta Jibidw 
niim, impudicpe mentis indicia. Hier 4 ^ 
lufcum# i 
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Ae ufe of rouge for the lips and 
cheeks, and of ceriife fot the face and 
neck, as incentives to luft, and indi¬ 
cations of unchafle dcfircs. With-' 
out ^rrfuming to explore the arcana 
of a lady’s toilet^* or to reveal the 
arts by which tny fair countrywo¬ 
men endeavour to improve charms 

■or 

naturally irrcfiftible, I would add 

vw- I 

to the admonition of St. Jerome, a 
caution more likely, in thefe dege¬ 
nerate tinnFes, to be attended to — 
the certain ruin of the complexion, 
to fay nothing of moreicrious mala¬ 
dies, which mull ever attend the 
conftanc application of this drug. 
Nor is the ma^ijlery of hijmutb or 
SpaniJJj wbite^ as it is called, much 
left pernicious than cerufe, notwitl^- 
ftandingits being in fuch repute in 
London, that the chcrr^i.fti can hardly 

pre- 
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prepare it faft enough to fopply the 
demand for it*. But if, as is moft 
probable, they will negleft this cau¬ 
tion^ I warn them, however, to for¬ 
bear the ufe of fuch waflies atJFIar- 
rowgatc, Moffat, and other places of 
the fame kind, jeftr they ibould be in 
the ftate of the unlucky fair one, 
whofe face, neck, and arms were 
fuddenly defpoiled of all their beau¬ 
ties, and changed quite black by a’ 
fulphureous water. Indeed, all phlo* 
giftic vapours^and even the fun it- 
felf, tends to give both the magifteiy 
of bifmuth, and ccrufe, a yellow co¬ 
lour: this obfervation may explain 

a line 

* The magiftery of bifmnth is r^adc by 
'dKTolvrng that femimetal in squa for^s, and 
precipitating the-diiToIved bi&niith 4he 
-acid, by water., I 

S 9 - 
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in where a terufed 

ilady is faid to fear the fun *. 

. Other fluids, bfefides the vapour 
ofyinegar, corrode lead into a kind < 
-of cerufe. When plumbers ftrip 
itfec roofs of churches, or other build¬ 
ings covered t^iclriead, which has 
Imh, uniiiftufbed for many years, 
tiiey uluallyflnd that fide of the lead 
Vhieh is- contiguous to the boards, 
«»wred with a white pellicle, as 
thick fooietimes as an half crown; 
tbfe pellicle is corroded lead, and is 
rfefui for painting, and other 
puKpofes, as the beft white lead. The 
lead Ota the fouth fide of any build- 
.ing is found to abound moft v/ith 

this 


• * “•—oBceata timet FabuHa nimbmn, 
C)!i^8||.t!inet Sabellafolin. 

Mar. Ep. Lib. II. E. XLL 
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this white crqft } th»t on the notth 
fide luvtng very little, or none at alt 
gf it. It is heUevcd aifo, that lead 
which Hes on (leai boards, is not.& 
apt to be covered with this, wlute in* 
cruftation, as that which lies upma 
oak: if ther^ be any truth in this 
obfervatioH, it may, perhaps;, he ex* 
plained from hence, that oak eon* 
tains a much Wronger acid than deal, 
and dtis ftrong acid being diftilledt 
as it were, by the heat of the fun ia 

I 

iiimmer^ attaches to the lead^ 
and corrodes it: or this corrofiom 
may. be the effed of die fun and aii^ 
which, by their conftaat a^o«, cab% 
cine or corrode the lead; and this^ 
calcined lead not being wa&ed off* 
by the rain, may, in the coui6 of a 
great many year% form the cruft 
here fpoken oCi It might be worth 

4 

I • while 
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■wlflle, in a philofbphical view, to 
examine more minutely than has 
been done, the difference between 
old'lead which has loftibme of its 
parts by long expofurc to the air, 
and new lead. The plumbers have 
affured me, that if a pig of old lead, 
and an equal pig of new lead, be 
put together into the fame iron pot, 
and expofed to the fame degree of 
heat, the new lead wijl be melted 
ftiuch'fooner than the old lead. An¬ 
other difference bettyxt them, re- 
the quicknefs with which they 
may be reduced to a <alx, the new 
lead being obferved to calcine much 
fafter than the old. 

Neither ccrufc, nor litharge, nor 
minium, have any tafte; but any of 
thefe fubftances being boiled in di- 
ftilled vinegar, which has an acid 

taftCj 
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^atle, Vill bedilTolved in it; and the 

folution being cryftaltized will give 

one of the fweeteft fubftances id ea- 

ture, called Saccharim Satwrniy or 

% 

fugar of lead. It is this propcS^ey 
which lead flas^of acquiring a fwe«t 
tafteby falution in an acid, that has 
rendered it fo ferviceable to thofe 
wine merclunts who^ refpefting tlieir 
own profit more than the liveStOf 
their cuftomers, have not fcrwpled 
to attempt recovering wines, which 

had turned four, by putting into 
them large quantities of cerufe or li¬ 
tharge. I believe this adulteration 

I . j 

is punirtied with death in fon^e parjs 

of Germany it is to be. wifhed 

» ^ " 

^thac it met with that puE^^ment 
everywhere. In 1750, the 
general in France being aftqnl/h^d.at 
the great quantities de vin ga§ which 
VOL. Ill, A-a r- 
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were brought into PariSy in order to 
be made into vinegar, redoubled 
iherr refearches tofind^out the caufe 
of the great increafe in that article ; 
f ()9 near thirty thoufand hoglheads 
had been annuallyobrought in for a 
few years preceding the year 1750, 
whereasthequantity annually brought 
in forty years before, did not exceed 
1200 hogfbeads. They difeovered, 
thatfeveral wine iTierchanrs,,afrum- 
ing the name of vinegar mercliant.s 
bought thefe four wines (v/hich were 
Jftill rendered more foui* by the cuf- 
tom of pouring into Ccich hogfliead 
fix pints of vinegar before it ^vas 
fold), and afterguards, by means of 
litharge, rendered them potable, and 
Ibid them as genuine wines 

Our 

* de Differ, Subf, par. M, Sage^ 

P->S7* 
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Our Englifli vintners, there is rea- 
fon to fear, are not lefs fcriipulous 
in the ufe of this poifon than*" the 
French wine merchants; for it not 

j 

only -correfts the acidity of four 
wines, but It 'gives a richnefs to 
meagre ones, and by this property 
the temptation to ufe it is much in- 
cieafed. ^ 

The reader may foon furnilh him- 
feif with the means of cleteftin«: lead 
when diflblved in wine. Let him 
boil together in a pint of waiter, an 
ounce of quicklime, and hnif an 
ounce of flour of brimltone, and 
when the liquor, v^liich will be of a 
yellow colour, is col.i, let him* pour 
ic into a bottle, and corking, it un, 
referve it for ufe. A few dfops of 
this liquor being let fall into .a dafs 
of wine or cider containing lead, 

A a 2 4 w ill’ 
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wiH change the whole into a colour 
Ti)ore or Icfs brown, according to the 
quan-tity of lead which it contains; 
jf the wine be wholly free from lead, 
itw»?H be rendered turbid by the ii' 
quor, but the coloim will be rather 
a dirty white than a blackifh brown. 
Van Helmont'^' w'as of opinion, that 
made no vain boafl:, in 
faying that he could cine tvro hun¬ 
dred difcafes by preparations of lead; 
but he does not tell us of the many 
hundred perfons he, probabl37^ fent 
to tl\eir graves by his attempt. Bu: 
it .'^is beyond my ability, and falls 
not within my del^n, to difeufs ei- 
iher the falubrious or poifonous 
qualities of lead \ efpeciaily as the 

labours 

* Ad€0 nl-aon friiftta Paracelfus gloiietur 
folo pi umbo forte dweentas morboruiii clafl’es 
fwperare iJelna. Op. p. 561, 
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labours of Sir G. Baker and Dr. 
Percival-f have fo fully illuftratcd 
that fubjeft. , ^ 

Having accidentally heard, during 

m 

the printing of this volume, «hac 
Dr* FneJJej^“tia&4iifcovGred a method 
of reducing red lead to its metallic 
form, by melting it, in conta6k with, 
inflammable >^ir, by means of a 
burning gljffs, I was very defirous of' 
having fo remarkable a faft confirm-^ 


ed by other er.periments. But beings, 
prevented by a bad ftate o£#health 
from venturing into an clabofktory- 
myfelf, I communicated my 
and ideas to an ingenious gentleman ^ 
of this univerfity;jl,> who has for fonw 
yea/s been cultivating chemifiry with 

. apro-» 

• » 

* !Med. EiT. f EIT, on the Pohbn-bf Lead. 

X Rev. Mr- Milner, A* M* fellow of 
Qiiecn’s .College, ; 
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a proper degree of enthufiafm, and 
he has fucceeded in reducing red 
lea|J by means of inflammable air in 
the following manner. To one end 
of s^glafs tube, into the middle of 

whiqh fome red lead/haH been put, 

** 1 , 

an empty bladder was tied; to the 
^ther end a bladder full of inflam¬ 
mable airj obtained fi?qm a folution 
.of iron in the acid of ^^^itriol, was 
faftened very clofe : that part of the 
tube, in which the red lead was 
principally-lodged, being heated al- 
. hot, by being held over a 

crucible full of burning char- 
/coal, the inflammable air waspreffed 
out of the bladder,; at its firft paiTage 
-tlirough the tube the red Icaa be¬ 
came brown, as if it had been mi>^l 

with feme particles; and by 

^ prefliagvl^bladders alternately for 

* '*■->> -»',9 

a Ihott 
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a fliorc fpace of time, the red lead" 
was reduced into fmall globules of 
lead; the quantity of inflamma^We 
air was fenfibly diminilhed, a^part of 
*it having been abforbed by the’red 
ijead it h^ame a metaL . 

Occafion was taken in another 
place to remark, the inflammable^ 
nir, as a C'^nftituent part? of com- 
„ buflible b^ies, bore a great refem- 
bJance to phlogifton^ and a doubt 
alfo has beer^expreffed, whether the ^ 
phlogifton of metallic fubfla.’ices be 
not an elafliic inflammable fluid,' rhis 
experiment, in which lead is reduced 
by abforbing inflammable air, tends 
very much to (Ireiigthen tha{ hypo^' 
thyis,'and I doubt not we ^hall fee 
re'afon to admit it without heitation, 
^’hen the fubjefl: has been nlore in* 

vemgattd 

* Vol, n. p,. 3,1%' 
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; at prefenc I do not 
whether it has been proved 
whole 0^ any definite quan- 
vtity of inflanimable air can be ab- 
fj^bed by a metallic earth, nor, if 
what th- nafjre of the 

/ ^ 

iifernamder k; but the removal of 

4 ^ •• 

* and other doubts, will be bell 
iitccomplifhed by the '^hilityof him, 

owe the firt^ fiio-oreirion 
gifton of mccaliic f.ib- 
g an iiifiammabJc air. 









